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_ Protective effect of collateral vessels during coronary 
angioplasty 





MICHAEL S NORELL, JOHN P LYO -NE GARDENER, CLIVEALAYTON, 


<- RAPHAEL BALCON 
From the Cardiac Department, London Chest Hospital, London 





SUMMARY To assess the potential protective role of collateral vessels 27 patients undergoing 
angioplasty of the left anterior descending coronary artery were studied by intravenous digital 
subtraction left ventriculography. Fifteen patients had no collateral vessels (group 1) and 12 had 
some degree of collateral supply (group 2). During balloon inflation ST segment elevation in group 
1 (4-9 mm) was significantly greater than that in group 2 (0-9 mm). Similarly the reduction in left 
ventricular ejection fraction was significantly greater in group 1 (24%) than in group 2 (12%). Both 
the size of ST segment elevation and the fall in ejection fraction correlated inversely with the extent 
of the collateral supply (r = — 0-680 andr = — 0-446 respectively). During balloon occlusion of 
the anterior descending coronary artery the percentage shortening of the anterior and apical 
segments fell in both groups but apical shortening fell to a lesser extent in group 2. An additional 
reduction in anterobasal contraction was confined to group 1. 

Electrocardiographic and ventriculographic manifestations of ischaemia produced by balloon 
inflation during angioplasty are less pronounced when collateral vessels are present. This suggests 
that the collateral circulation can protect myocardium at risk of ischaemia after coronary occlusion. 





The extent to which collateral vessels can protect the 
myocardium during coronary occlusion is not 
known. Many earlier studies were retrospective and 
attempted to relate the degree of left ventricular 
damage after thrombotic coronary occlusion to the 
subsequent arteriographic assessment of collateral 
circulation.'? Coronary angioplasty, by producing 
transient, controlled coronary occlusion has allowed 
a prospective examination of both the angiographic 
development and the functional role of the collateral 
circulation.>> We showed that global and regional 
left ventricular performance can be assessed during 
coronary angioplasty with intravenous digital sub- 
traction ventriculography.° We used this technique 
to examine the degree to which collateral vessels 
protect the myocardium during transient coronary 
occlusion produced by balloon inflation. 


Patients and methods 


We studied 27 patients (22 men and five women, 
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mean age 52). They belonged to a group described in 
a feasibility study that examined the effect of coron- 
ary angioplasty on left ventricular function.® They all 
had limiting angina despite optimum medical treat- 
ment. At the time of the study 23 patients were taking 
a B adrenergic blocking agent, 25 were taking a 
calcium antagonist, and 21 were taking nitrates. 
Seventeen patients were in class 3 of the Canadian 
Cardiovascular Society while the remaining 10 
patients were in class 4. 

All patients had single vessel coronary disease 
defined as at least a 70% reduction in luminal 
diameter affecting only the left anterior descending 
artery proximal to its first diagonal branch. The 
estimated severity of the lesions treated by angio- 
plasty ranged from 70% to 99% (mean 89%). In all 
cases the stenoses allowed anterograde flow of con- 
trast. Left ventriculography showed normal contrac- 
tion in all patients, the mean ejection fraction being 
75%. 


COLLATERAL ASSESSMENT 

Coronary arteriograms performed before the angio- 
plasty procedure were reviewed by two observers to 
assess any collateral circulation. As is routine in our 
laboratory, selective arteriograms were performed in 
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multiple projections and we used 3-5 ml of contrast 
injected by hand over 1-3 seconds. Cinerecording 
was continued after each injection until it was 
apparent that there was no further vessel opacifica- 
tion. Any collateral circulation was then measured by 
a method* that grades collaterals according to the 
extent to which the epicardial arterial segment distal 
to the target stenosis is retrogradely opacified: no 
collateral vessels visible, 0; collateral vessels visible, 
1; <50% opacification of distal segment, 2; > 50% 
opacification of distal segment, 3. 


ANGIOPLASTY PROCEDURE 

Patients received premedication with an oral nitrate, 
calcium antagonist, and dipyridamole an hour before 
the angioplasty procedure. Angioplasty was perfor- 
med via the femoral approach with 2-5 mm or 3 mm 
balloon catheters and steerable guide wires. Patients 
underwent 3-7 balloon inflations each for 20 to 60 
seconds at inflation pressures ranging from 5-10 atm 
(1 atm = 101 kPa). The electrocardiogram was 
allowed to return to baseline before subsequent infla- 
tions. 


ELECTROCARDIOGRAPHY 

A 12 lead electrocardiogram at a paper speed of 
25 mm/s was monitored throughout the angioplasty 
procedure. The time of balloon inflation and defla- 
tion was marked, as was the onset of digital ven- 
triculography. Any change in ST segment (> 1 mm) 
was measured with a graticule 80 ms after the J point 
and the maximum change in any lead recorded. 


DIGITAL VENTRICULOGRAPHY 

Digital subtraction left ventriculography after con- 
trast injection into the right atrium was performed 
before and during (>20 s) either the third (21 
patients) or fourth (six patients) balloon inflation, 
according to a previously described method. We 
injected 40 ml of non-ionic contrast medium 
Gohexol; Omnipaque 350 mg iodine/ml, Nycomed) 
at 17 ml/s through a 5 French pigtail catheter (Super- 
flow, Cordis) during held inspiration. Ven- 
triculograms were acquired at 12-5 frames/s on to a 
256 x 256 pixel matrix with a Siemens Digitron 
connected on line to a Siemens Elema Angioskop D 
imaging system. End diastolic and subsequent end 
systolic frames were selected, excluding extrasys- 
toles, and their outline was manually digitised by an 
observer blinded to the patient’s collateral circula- 
tion. An area-length method was used to calculate left 
ventricular volumes’ and hence ejection fraction. To 
assess regional left ventricular wall motion we used a 
method that calculates the percentage systolic shor- 
tening of radii from the end systolic centre of gravity 
to the end diastolic perimeter.* This was modified so 
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that the results could be expressed as percentage 
shortening for each of five left ventricular regions: 
anterobasal, anterior, apical, inferior, inferobasal.° 


STATISTICAL ANALYSIS 
Patients were divided into two groups depending on 
whether or not any collateral supply could be seen 
angiographically. Statistical tests included paired or 
unpaired Student’s £ test as appropriate. To relate 
electrocardiographic or ventriculographic changes to 
the collateral grade, Spearman’s rank correlation was 
used. 

This study was approved by the ethics committee 
of the National Heart and Chest Hospitals and all 
patients gave written informed consent. 


Results 


ASSESSMENT OF COLLATERALS 

Fifteen of the 27 patients studied had no angiogra- 
phically demonstrable collateral vessels (group 1, 
collateral grade = 0) while the remaining 12 patients 
had some degree of collateral supply (group 2, mean 
collateral grade = 1:7). The severity of coronary 
obstruction was greater in group 2 than in group 1 
(94% v 86%, p < 0-05). 


ELECTROCARDIOGRAPHY 

During balloon inflation in the left anterior descend- 
ing coronary artery the degree of ST elevation in 
group | (mean = 49mm, range 0-9 mm) was 
greater than that in group 2 (mean = 0-9 mm, range 
0-5 mm, p < 0-001). There was an inverse correla- 
tion between the magnitude of ST segment elevation 
and the collateral grade (r = — 0-680, p < 0-001, fig 
1). 


GLOBAL LEFT VENTRICULAR PERFORMANCE 
Before angioplasty the left ventricular ejection frac- 
tion was similar in the two groups (group 1 74%, 
group 2 78%, NS). During balloon inflation ejection 
fraction decreased to 50% in group 1 (p < 0-001) but 
only to 66% in group 2 (p < 0-001). This fall was 
significantly larger in group 1 than in group 2 (24% v 
12%, p < 0-01). 

There was an inverse correlation between the fall 
in left ventricular ejection fraction during balloon 
inflation and the extent of the collateral supply 
(r = —0-446, p < 0-01, fig 2). 


REGIONAL LEFT VENTRICULAR 

PERFORMANCE (TABLE |) 

Before angioplasty there were no significant differ- 
ences between the two groups in left ventricular 
regional shortening. During balloon inflation in the 
anterior descending artery anterior and apical 
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a n:27 
r = -0 680 
p <0 001 


a 
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Anterior ST elevaton (mm) 


| TP 


0 1 2 3 
Collateral grade 
Fig1 Relation between the extent of collateral supply 
(collateral grade) and anterior ST segment elevation (mean 
(SD)) during balloon inflation in the left anterior 
descending artery. 


regional shortening decreased in both groups (group 
138% to 12%, p < 0-001;51% to 11% ,p < 0-001 
respectively and group 2 42% to 19%, p < 0-001; 
55% to 26%, p < 0-001 respectively). Anterobasal 
shortening decreased significantly only in group 1 
(37% to 24%, p < 0-01) and not in group 2 (38% to 
33%, NS). Apical shortening during balloon infla- 
tion was also better preserved in group 2 (26%) than 
in group 1 (11%, p < 0:05). 

Shortening in the inferior region during angio- 
plasty did not change significantly in either group 
(group 1 48% to 43%, NS; group 2 48% to 53%, 
NS), but inferobasal contraction was equally enhan- 
ced in both groups (group 1 8% to 23%, p < 0-01; 
group 25% to 27%, p < 0-01). 

The reduction in anterobasal, anterior, and apical 
regional shortening during balloon occlusion of the 
anterior descending coronary artery tended to be 
larger in those patients without collateral vessels 
(group 1) than in group 2, but these differences were 
not significant (table 2). 
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Fall in LVEF (%) 


-a 
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0 1 2 3 
Collateral grade 
Fig2 Relation between the extent of collateral supply 
(collateral grade) and the reduction in left ventricular 
ejection fraction (mean (SD)) (LVEF) during balloon 
inflation tn the left antertor descending artery. 


Table2 Reduction in left ventricular segmental shortening 
(%, mean (SD) ) during angioplasty of the anterior 
descending coronary artery in patients without (group 1) or 


anth (group 2) collateral vessels 
Group 1 2 

Left ventricular segment {n = 15) (n = 12) È 
Anterobasal 13 (15) 5 in NS 
Anterior 26 fia 23 (17) NS 
Apical 40 i 29 (20) NS 
Infenor 5 (18 +5 03) NS 
Inferobesal +15 (18) +22 (23. NS 


Positive (+) value mdicates an increase in segmental shortening 


Discussion 


Previous studies of the potential protective role of 
collateral vessels have related the degree of left 
ventricular dysfunction after thrombotic coronary 


Table 1 Comparison of left ventricular regional shortening (%, mean (SD)) before and during angioplasty of the anterior 
descending coronary artery in patients without (group 1,n = 15) or with (group 2,n = 12) collateral vessels 


Before PTCA 
LV segment Group I Group 2 
Anterobasal 37 (9) 38 ap 
Antenor 38 (9 42(11 
Apical 51 {33 55 (i2 
Inferior 48 aR 48 uR 
Inferobasal sįl 5014 


During PTCA 
p Group 1 Group 2 p 
NS 24 (13) 33 (1 NS 
NS 12 ee 19 (24 NS 
NS 11 (14 26 (22 <0 05 
NS 43 RE 53 aa NS 
NS 23 (1 27 (23, NS 





LV, left ventricular; PTCA, percutancons transluminal coronary angioplasty. 
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occlusion to the extent of the collateral circulation 
that was later apparent. Although some found that 
left ventricular damage was reduced when there was 
an extensive collateral system! ? others did not.’ Such 
retrospective studies have to be viewed with caution 
because the state of the collateral circulation at the 
time of coronary occlusion is unknown. Coronary 
angioplasty, however, allows further’ assessment of 
the development and functional role of these vessels. 
Collateral vessels that were not apparent before 
angioplasty were seen during balloon inflation,’ * and 
those present before the procedure disappeared after 
successful angioplasty.” When the haemodynamic 
contribution of collaterals to the coronary circulation 
was examined during angioplasty," the pressure 
distal to an inflated angioplasty balloon was shown to 
relate to the extent of the collateral supply shown by 
angiography. 

We assessed the function of the collateral circula- 
tion and showed that the manifestations of myocar- 
dial ischaemia during balloon occlusion of the 
anterior descending artery were reduced when 
collateral vessels filled the distal arterial segment. 
Furthermore, we showed that the degree of 
ischaemia produced during balloon inflation 
correlated with the extent of the collateral supply. 
These findings accord with those of others.’ Cohen 
and Rentrop examined the occurrence of anginal 
pain, together with the degree of ST segment eleva- 
tion and echocardiographic evidence of left ven- 
tricular dysfunction during balloon inflation. They 
related these findings to the collateral supply 
apparent angiographically during balloon occlusion 
and also showed that these indices of myocardial 
ischaemia were reduced in the presence of collateral 
vessels. 

The present study differs from that of Cohen and 
Rentrop. Although we used a similar system to grade 
the collateral supply,‘ we assessed the collateral 
circulation before, rather than during, balloon infla- 
tion. Because the ability to demonstrate collateral 
vessels angiographically is dependent on the degree 
of proximal arterial obstruction,?® we may have 
underestimated the collateral state before balloon 
occlusion. However, other workers have shown that 
although the collateral filling of a distal arterial 
segment may increase abruptly after balloon 
occlusion, the protective effect of such apparently 
increased flow is variable.’ 

We found that even when there was an extensive 
collateral supply ventriculographic abnormalities 
still occurred during balloon inflation. This also 
accords with the finding of others who noted the 
development of angina, ST segment elevation, and 
left ventricular dysfunction during balloon occlusion 
despite the complete opacification of the index artery 
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by collateral vessels.* This suggests that even an 
abundant collateral supply may be inadequate to 
protect completely a potentially ischaemic myocar- 
dium. Previous studies also showed that collateral 
vessels do not necessarily reduce the extent of 
exercise induced myocardial ischaemia’? ” or the 
subsequent incidence of cardiac events.’* Further- 
more, because all the patients in the present study 
were limited by angina before angioplasty, the find- 
ing that their collateral circulation was not sufficient 
is not unexpected. 

The extent of a collateral circulation is usually 
assessed with selective coronary arteriography. This 
method itself may have limitations because several 
factors can influence the appearance of collateral 
vessels after selective injection of contrast into a 
coronary artery. Because the opacification of 
collateral vessels depends on a pressure gradient 
across the coronary beds, the pressure used for 
contrast injection and the degree of proximal ob- 
struction are especially relevant in determining 
the appearance of collaterals. The presence of 
vasodilator drugs and the resolution of the angio- 
graphic equipment are also important. 

We made no attempt to standardise the pressure 
and flow rate of selective coronary injections in our 
patients; we used our routine technique for diagnos- 
tic coronary angiography. All our patients were given 
vasodilators (a nitrate and a calcium antagonist) 
before angioplasty to ameliorate any ischaemia and 
reduce any tendency to coronary spasm during the 
procedure. The specific effect of such drugs on 
collateral vessels is unclear.” Thus although an 
angiographic assessment of collateral vessels may 
have limitations, it does indicate the extent of the 
collateral circulation and this is borne out by the 
results of our study. 

Coronary angioplasty, by producing reversible, 
controlled coronary occlusion, allowed a prospective 
study of the function of collateral vessels. The 
electrocardiographic and ventriculographic manifes- 
tations of ischaemia during balloon inflation were 
less pronounced in patients in whom a collateral 
circulation was seen. This supports the view that 
such vessels can protect myocardium at risk of 
ischaemia after coronary occlusion. 


MSN was supported by the British Heart Founda- 
tion. 


References 


1 Fulton WFM. Anastomotic enlargement and ischaemic 
myocardial damage. Br Heart J 1964;26:1-15. 

2 Freedman SB, Dunn RF, Bernstein L, Morris J, Kelly 
DT. Influence of coronary collateral blood flow on 
the development of exertional ischaemia and Q wave 


Protective effect of collateral vessels during coronary angioplasty 


infarction ın patients with severe single vessel disease. 
Circulation 1985;71:681-6. 

3 Hill JA, Feldman RL, MacDonald RG, Pepine CJ. 
Coronary artery collateral visualisanon during acute 
coronary occlusion. Am J Cardtol 1985;55:1216-8. 

4 Rentrop KP, Cohen M, Blanke H, Phillips RA. 
Changes in collateral channel filling immediately after 
controlled coronary artery occlusion by an angio- 
plasty balloon m human subjects. J Am Coll Cardiol 
1985;5:587-92. 

5 Cohen M, Rentrop KP. Limitation of myocardial 
ischaemia by collateral circulation during sudden 
controlled coronary artery occlusion in human 
subjects: a prospective study Circulation 
1986;74-469~76. 

6 Norell MS, Lyons JP, Gershlick AH, et al. Assessment 
of left ventricular performance during percutaneous 
transluminal coronary angioplasty: a study by 
mtravenous digital subtraction ventriculography. Br 
Heart J 1988;59:419-28. 

7 Sandler H, Dodge HT. The use of single plane 
angiocardiograms for the calculation of left ven- 
tricular volume in man. Am Heart J 1968;75:325—34. 

8 Rickards A, Seabra~Gomes R, Thurston P. The assess- 
ment of regional abnormalities of the left ventricle by 
angiography. Eur J Cardiol 1977;5:167-82. 

9 Elayda MA, Mathur VS, Hall RJ, et al. Collateral 
circulation in coronary artery disease. Am J Cardtol 
1985;55:58~-60. 


245 


10 Legrand V, Aueron FM, Bates ER, et al. Reversibility 
of coronary collaterals and alteration in regional 
coronary flow reserve after successful angioplasty. 

. Am J Cardiol 1984;54:453-4. 

11 Probst P, Zangi W, Pachinger O. Relation of coronary 
arterial occlusion pressure during PTCA to presence 
of collaterals. Am J Cardzol 1985355:1264-9. 

12 Tubau JF, Chaitman BR, Bourassa WG, Lesperance J, 
Dupras G. Importance of coronary collateral circula- 
tion in interpreting exercise test results Am J Cardiol 
1981;47:27-32., 

13 Kolibash AJ, Bush CA, Wepsic RA, et al. Coronary 
collateral vessels: spectrum of physiologic capabilities 
with respect to providing rest and stress myocardial 
perfusion, maintenance of left ventricular function 
and protection against infarcuon. Am J Cardiol 1982; 
§0:230-8. 

14 Nestico PF, Hakki AH, Meissner MD, et al. Effect of 
collateral vessels on prognosis in patients with one 
vessel coronary artery disease. J Am Coll Cardiol 
1985;6.1257-63. 

15 Bass TA, O’Brien JT, Conetta DA, Perryman RA, 
Miller AB. Dynamic appearance of collaterals during 
transluminal coronary angioplasty [Abstract]. Cir- 
culation 1984;70(supp! I1):36. 

16 Weintraub WS, Hattori S, Akizuk S, et al. Influence of 
nifedipine on collateral blood flow during acute 
ischaemia in the dog. J Am Coll Cardiol 1984;3:334- 
40. 


Br Heart J 19893;62:246-52 


Impairment of diastolic function by shortened filling 
period in severe left ventricular disease 


KELVIN SKNG, DEREK G GIBSON 
From the Cardiac Department, Brompton Hospital, London 


SUMMARY À dilated left ventricle with reduced ejection fraction is usually attributed to impaired 
systolic function. To investigate the possibility that ventricular filling might also be disturbed, M 
mode echocardiograms, phonocardiograms, and Doppler cardiograms were recorded in 30 patients 
with ventricular disease of varying cause. All but four had functional mitral regurgitation. The size 
of the left ventricular cavity was increased in all and peak velocity of circumferential fibre 
shortening was reduced. Diastolic abnormalities included a short isovolumic relaxation time, and, 
on digitised M mode, a reduced rate of dimension increase and of posterior wall thinning. Although 
the timing of aortic valve closure was normal, mitral regurgitation persisted beyond it by 95 (35) ms 
and beyond mitral valve opening by 60 (40) ms. This reduced the effective filling time (the interval 
when the mitral valve was open and mitral regurgitation was absent) to < 200 ms in seven patients. 
The effective filling time correlated closely with the RR interval, the regression equation indicating 
a reduction of 80 ms for each 100 ms fall in RR interval. It was also independently shortened by 
2 ms a year with increasing age. The effective left ventricular filling time may thus be very short in 
patients with left ventricular cavity dilatation and functional mitral regurgitation. 

It is suggested that when diastolic function is also abnormal, this short filling time may 
physically limit ventricular inflow. Its close relation to heart rate might contribute to the 
therapeutic effect of 8 blockade in such patients. 


A dilated left ventricular cavity with reduced ejection cavity and reduced shortening fraction were 


fraction is common in the late stages of heart disease, 
and is usually held to be caused by depressed systolic 
function.’ Such patients are often said to be in “heart 
failure” and are treated with digitalis, diuretics, and 
vasodilators. A minority, however, respond favour- 
ably to $ adrenoceptor blocking drugs? and this 
would be surprising if systolic disease were the only 
reason why function was impaired. It is possible, 
therefore, that other pathogenic mechanisms are 
involved, and we have attempted to identify them by 
investigating how filling, rather than ejection, can be 
disturbed in these patients. 


Patients and methods 


The records of 30 unselected patients (aged from 12 
to 75, 22 men) with dilatation of the left ventricular 
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examined retrospectively. The underlying diagnosis 
was coronary artery disease in 11, dilated cardio- 
myopathy in three, presumed myocarditis in two, 
and there were single cases associated with poly- 
arteritis nodosa, Churg-Strauss syndrome, sar- 
coidosis, irradiation, and alcoholic cirrhosis. Coro- 
nary artery disease was diagnosed by coronary 
arteriography or directly at necropsy or at the time 
of cardiac transplantation. In the remaining nine 
patients, three of whom had long standing hyperten- 
sion, we cannot say whether or not coronary artery 
disease was present, because there was no clinical 
indication for coronary arteriography. All the, 
patients were in sinus rhythm and five had left 
bundle branch block. All were taking diuretics, either 
frusemide or bumetanide, along with amiloride in 
nine or metolazone in one. Twenty were taking 
captopril, three a theophylline preparation, two 
isosorbide, and one nifedipine, while five were 
treated with a digitalis preparation. 

Cross sectional echocardiography in multiple cuts 
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showed uniform enlargement of the left ventricular 
cavity and a reduced ejection fraction in all, and 
excluded a ventricular aneurysm or other major 
abnormality of regional wall motion. M mode 
echocardiograms were recorded with simultaneous 
phonocardiograms and electrocardiograms at a paper 
speed of 100 mm/s at the level of the tips of the mitral 
leaflets. Clear, continuous echoes were obtained 
from the endocardial surfaces of the left side of the 
septum and the endocardium of the posterior wall. 
Separate echograms were recorded of the mitral valve 
at the level at which cusp separation at the start of 
filling and closure at the onset of systole could most 
clearly be seen (fig la) and of the aortic echogram, 
from which the aortic component of the second heart 
sound (A,) was identified as the onset of the first high 
frequency vibration of the component coinciding 
with cusp apposition. Continuous wave Doppler 
recordings were made with Doptek equipment, again 
with simultaneous phonocardiograms and electro- 
cardiograms, at a paper speed of 100 mm/s to show 
the timing of functional mitral regurgitation (present 
in all but four patients), and separately, of early 
diastolic forward flow across the mitral valve. 

From the M mode echocardiograms we measured 
the dimensions of the left ventricular cavity syn- 
chronously with the Q wave of the electrocardiogram 
(end diastolic) and with A, (end ejection), from the 
leading edges. We digitised the records’ to give plots 
of the left ventricular dimension and posterior wall 
thickness along with their rates of change. The 
timing of A, was superimposed on all digitised 
records, and the interval A, to peak rate of dimension 
increase was measured. We took the isovolumic 
relaxation time to be the interval between the onset of 
the first high frequency component of A, on the 
phonocardiogram and the initial cusp separation on 
the mitral echogram.’ We estimated the interval over 
which the mitral valve was open (mitral valve open 
time)’ as that from the initial cusp separation at the 
onset of diastole to the final apposition at the start of 
the succeeding systole. The left ventricular ejection 
time was determined from the aortic echograms and 
the QA, interval from the electrocardiogram and 
phonocardiogram. Values of QA, from patients with 
left bundle branch block were not included in the 
analysis. 

On the Doppler recording, we measured the 
overall duration of the mitral regurgitant signal (fig 
1b) and also the two intervals from Q to the onset of 
the regurgitant signal and from A, to its end. On the 
trace of forward mitral flow we measured the interval 
from A, to the time of peak flow velocity. 

Preliminary examination of the records showed 
that the times of onset and end of mitral regurgitation 
bore no fixed relation to those of mitral opening or 
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Figli (a) Mitral echogram from a patient with 
cardiomyopathy. Mitral valve open time is indicated 
(MVOT). Note that mitral cusp separation at the start of 
diastole is synchronous with aortic valve closure (A,). (b) 
Continuous wave Doppler recording from the same patient, 
showing mitral regurgitation ( MR). Its duration and that of 
the interval between pulses of regurgitation (non~MR } are 
indicated. Note that regurgitation continues for 
approximately 70 ms beyond A,, ( Full scale deflection 

16 kHz). 


closure, the regurgitation signal sometimes starting 
before mitral closure at the start of systole and often 
persisting beyond mitral opening at its end (fig 1). 
The interval from mitral opening to the end of 
regurgitation (interval A) was thus measured as the 
difference between the intervals A, to the end of 
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regurgitation and A, to mitral opening. The relation 
between the onset of regurgitation and mitral closure 
at the start of systole (interval B) was measured as the 
difference between the two intervals—Q to mitral 
closure and Q to onset of regurgitation. We defined 
effective filling time as the interval during which (a) 
the mitral valve was open and (b) mitral regurgitation 
had ceased, and derived it as mitral valve opening 
time less the sum of intervals A and B. In patients 
without functional mitral regurgitation, effective 
filling time was taken to be equal to mitral valve open 
time. 


STATISTIGAL ANALYSIS 

All values were based on the mean of three determin- 
ations, except those of QA,, which, in line with the 
recommendations of Lewis et alf were based on 10. 
Where appropriate, values were compared with 
normal values and their 95% confidence intervals 
previously reported by us. Differences between mean 
values were examined by calculating 95% confidence 
intervals,’ and linear correlation was performed by 
the method of least squares. Estimates of 
reproducibility were based on independent deter- 
minations of all measurements by each co-author. 
Reproducibility was expressed as the mean (SD) of 
the differences between individual determinations 
and their mean." We have recorded values for 
measurements underlying our conclusions. 


Results 


LEFT VENTRICULAR SYSTOLIC FUNCTION 

The size of the left ventricular cavity was increased in 
all patients (mean (1 SD) 7-1 (0-3) cm) at end diastole 
and 6-3 (0-7) cm at end ejection. The mean left 
ventricular ejection time was 235 (30) ms, and the 
values correlated with the RR interval (table). The 
mean value of the QA, intervals was 375 (50) ms, with 
areproducibility of 0 (8) ms, and again this correlated 
with the RR interval (table) but not with age. The 


Table Determinants of ventricular function 


Dependent variable (x) Independent variable (y) r 
Duration of MR Age 053 
to end of MR Age 0-68 
on-MR interval tral valve open time 0 87 
Mitral valve open time RR interval 078 
Non-MR in RR interval 087 
Effective filling time RR interval 0-80 
QA, interval RR interval 0-67 
Ejection time RR interval 0-50 
Duration of MR RR interval 043 
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corresponding regression relation with heart rate 
was: 
QA, = 510 — 1-65 (heart rate) ms, 


the standard errors of the estimate was 30 ms, and 
those of the slope and intercept were 0-36 and 35 
respectively. The slope and intercept of this equation 
did not differ significantly from normal values 
previously reported by Lewis et al.° The mean value 
of peak velocity of circumferential fibre shortening 
(VCF) was 0-6 (0-2)/s. In all the patients, it was below 
the normal range of 1-2-2-0/s. 


MITRAL VALVE MOTION 

The isovolumic relaxation time was 25 (35) ms 
(reproducibility 1 (7) ms), significantly less than the 
normal value of 60 (10) ms; only 11 patients were 
within the normal range, values being abnormally 
short in the remainder. The mean mitral valve open 
time was 345 (130) ms (reproducibility — 3 (10)) and 
values correlated strongly with heart rate (table). 
Mitral closure followed the Q wave by 75 (55) ms, an 
interval unrelated to heart rate. 


DOPPLER MEASUREMENTS 

Mitral regurgitation was detected by continuous 
wave Doppler in 26 of the 30 patients. It lasted 400 
(70) ms, reproducibility —3 (10), with values above 
500 ms in three patients. It correlated weakly with 
RR interval and rather more strongly with age 
(table). The interval between the pulses of regurgita- 
tion (non-MR_ interval) was 290 (120) ms 
(reproducibility 3 (10) ms) which correlated strongly 
with RR interval (table). The mean interval between 
the Q wave and the onset of mitral regurgitation was 
65 (20) ms, and between A, and its end it was 95 
(35) ms, (reproducibility 0 (7) ms). Neither was 
related to heart rate, though the time from A, to the 
end of mitral regurgitation increased with age (table). 


EFFECTIVE FILLING PERIOD 
In all but three patients mitral regurgitation persis- 
ted for up to 160 ms after mitral valve opening (mean 


Standard error 
Slope Intercept Slope Intercept Estimate 
20 290 0 68 38 54 
13 18 0-30 17 24 
10 69 0-11 36 68 
082 —220 0-12 88 90 
0:75 —230 0-09 65 63 
0-78 —260 012 83 84 
0-23 205 005 34 37 
O11 160 004 26 28 
021 250 009 66 66 
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Fig 2 Relation between RR interval and effective filling 
period. Limits are set at two standard errors of the estimate. 
Closed symbols represent results from patients with mitral 
regurgitation and open symbols from those without. 


60 (40) ms). By contrast, the onset of mitral regur- 
gitation could precede or follow mitral closure, the 
mean interval between the two being 8 (40) ms. The 
mean value of effective filling period was thus 275 
(135) ms, reproducibility 6 (17) ms, which again 
correlated strongly with the RR interval (table and 
fig 2). In seven patients the effective filling period 
was <200 ms. Their average age (45 (15)) was no 
different from that of the whole group. They all had 
functional mitral regurgitation. Two of them had 
myocarditis, one each had heart disease caused by 
coronary artery disease, irradiation, or polyarteritis 
nodosa, while a definite diagnosis had not been 
established in two. Two had left bundle branch 
block. In six, the RR interval was in the range 480- 
590 ms; in the seventh, it was 740 ms, and in this 
patient the effective filling period was short because 
mitral regurgitation lasted 560, ms, extending 160 ms 
beyond A,. 


DIGITISED M MODE ECHOCARDIOGRAMS 

On the digitised M mode echocardiograms, the peak 
rate of dimension increase was 7-5 (3-8) cm/s. Seven 
values were within the normal range and the remain- 

der were below. The rapid filling period was 150 
(45) ms, with values below the normal range in 11 
and above it in one. The peak rate of wall thinning 
was very low (3-5 (2) cm/s) and values from all but 
four patients were below the lower limit of normal. 
The interval from minimum cavity dimension to 
mitral opening was 3 (40) ms, which was not sig- 
nificantly different from normal. There was wide 
variation between patients, however: mitral opening 
was abnormally delayed in seven, and was premature, 
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occurring up to 80 ms before minimum dimension, 
in six. Finally, phase relations between the peak rate 
of dimension increase and peak flow were abnormal 
during rapid filling, when the normal delay in peak 
filling velocity with respect to peak rate of dimension 
increase (50 (15) ms) was lost in 10 patients. 


WITHIN PATIENT COMPARISONS 

We recorded at two different heart rates in eight 
patients. With a mean fall in RR interval of 155 
(110) ms, the non-MR interval shortened by 105 
(130) (95% confidence interval 45 ms) and mitral 
valve open time by 105 (90) (95% confidence interval 
60 ms), while isovolumic relaxation time, and the 
duration of mitral regurgitation and its persistence 
beyond A, were all unchanged. 


Discussion 


Although impaired systolic function is usually 
held to be the main cause of the dilated left ven- 
tricular cavity and reduced ejection fraction seen in 
patients with severe heart disease,’ diastolic abnor- 
malities have also been described. The peak rate of 
pressure decline during isovolumic relaxation was 
reduced’ and the time constant of pressure fall was 
prolonged.” Although the peak rate of increase of 
ventricular volume during early diastole was usually 
normal," the peak rate of dimension increase was 
often low, and in many patients the early rapid filling 
period was short.’ ? Finally, left ventricular passive 
stiffness was increased, both when expressed as 
cavity compliance or as a myocardial stress-strain 
relation.” These abnormal measurements, however, 
do not necessarily define independent disturbances 
of diastole. When left ventricular filling pressure is 
raised, as it often has been in reported cases, 
isovolumic relaxation time may be very short or even 
zero,‘ so that the fundamental assumption underly- 
ing the use of the time constant of pressure fall as a 
measure of relaxation, namely that the ventricle is 
isovolumic for the period over which the calculation 
is made, does not necessarily apply. At a constant 
transmitral flow rate, the peak rate of dimension 
increase is inversely proportional to the square of the 
dimension, so on simple geometrical grounds it will 
be low when the ventricle is enlarged. ‘Normal- 
isation” to unit dimension by calculating the velocity 
of circumferential fibre shortening or lengthening 
merely increases the discrepancy, making the peak 
rates of dimension increase sensitive to the cube of 
the dimension. Finally passive stiffness can only be 
calculated when pressure and volume increase 
together. This does not occur until late diastole when 
heart rate is low’ and may not do so at all when it is 


rapid. 
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In our study, therefore, we examined the effective 
left ventricular filling period, an aspect of diastolic 
function that is independent of increased cavity size, 
heart rate, or isovolumic relaxation time. We defined 
it as the period during which the mitral valve was 
open and retrograde flow had ceased, assuming that 
there is no forward flow from atrium to’ ventricle in 
the presence of mitral regurgitation. In several 
patients, this effective filling period was very short, 
and in seven, it was < 200 ms. In healthy individuals, 
left ventricular filling time varies with heart rate. It 
shortens with tachycardia caused by exercise or atrial 
pacing, reaching a minimum of 100 ms." Ventricular 
filling may be very rapid, therefore, when diastolic 
function is normal. In patients with left ventricular 
hypertrophy and associated diastolic disease, filling 
time does not drop below 200 ms, even when heart 
rate is high; the extra filling time is found within the 
RR interval by shortening isovolumic relaxation 
time. Diastolic abnormalities in our patients differed 
from those seen in patients with hypertrophy. The 
isovolumic relaxation time was usually very short or 
even zero at rest rather than being increased, and the 
early diastolic filling period was either normal or 
short, rather than prolonged. Nevertheless, phase 
relations between transmitral flow velocity and 
dimension changes were often abnormal. Rapid wali 
thinning, intimately related to rapid ventricular 
filling under normal conditions," was much lower 
than would have been expected from cavity dilatation 
alone. Mitral valve opening was often delayed in 
relation to minimum cavity dimension, indicating 
incoordinate relaxation.’® Finally, changes in cavity 
shape, which also form a prominent part of normal 
ventricular adaptation to rapid filling, are likely to 
have been absent in our patients.” Superimposed on 
such abnormal! diastolic function, therefore, a filling 
period of <200 ms might be expected to limit 
ventricular inflow directly. 

A striking feature of the functional mitral regur- 
gitation in our patients was that it lasted 2500 ms. 
Though the QA, interval was normal, retrograde 
flow was prolonged beyond the end of ejection into 
what would normally have been isovolumic relaxa- 
tion. In our patients, however, isovolumic relaxation 
was usually short or even zero. This led to the 
paradoxical finding in most that the mitral valve was 
open in the face of continuing regurgitation (fig 1). In 
addition, the excessive duration of the regurgitation 
was little affected by heart rate. Filling time thus 
became very sensitive to tachycardia, shortening by 
80 ms for each 100 ms fall in RR interval. As heart 
rate rises, therefore, the cardiac cycle becomes 
increasingly occupied by mitral regurgitation, and 
filling time becomes disproportionately shortened 
(fig 2). This effect of heart rate was seen whatever the 
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cause of the ventricular disease, pointing to the 
dilated cavity itself as a possible cause. The effect of 
age on the duration of mitral regurgitation and its 
continuation beyond A, suggests that filling might be 
more frequently disturbed in older patients, but we 
found no evidence of this. Presumably the duration 
of mitral regurgitation reflects the period during 
which myocardial tension develops in the left ven- 
tricle, though we do not know why this is so strikingly 
prolonged. Perhaps the time course of deactivation”? 
is modified by the abnormal pattern of development 
of systolic stress in a dilated ventricle or by the loss of 
B adrenoceptive receptors found in “failing” human 
hearts removed at the time of transplantation.” 
Certainly, our results accord with the disturbed 
calcium handling described in vitro in myocardium 
from patients with severe ventricular disease.” 

In some of our patients, therefore, cardiac output 
seemed to have been limited not directly by systolic 
disease but by ventricular inflow. When filling time 
is short, mean flow rates across the mitral valve must 
be rapid to maintain stroke volume, and this means 
that acceleration and deceleration rates must be 
correspondingly high. Such rapid changes in blood 
velocity must, on a simple physical basis, be accom- 
panied by considerable pressure drops along the 
direction of flow. This leads to conditions closely 
resembling those seen in rheumatic mitral stenosis, 
when ventricular filling also depends on a high 
pressure difference between left atrium and left 
ventricle. In both conditions cardiac output may be 
low and arterial pressure maintained only by raised 
peripheral resistance, effectively increasing ven- 
tricular afterload. This may explain the reduced 
ejection rates seen in mitral stenosis and the tendency 
for cavity size and filling pressures to fall after 
successful operation.” Sometimes these changes may 
be very striking, with a remarkable increase in 
ejection fraction and fall in end diastolic pressure.” If 
ventricular function was modified in the same way in 
our patients, the low observed ejection fractions 
might have been caused in part by this secondary 
increase in resistance to ejection and not exclusively 
by left ventricular disease. These similarities could 
be summarised by suggesting that our patients had 
“temporal” mitral stenosis to emphasise how much 
they resemble those of the well recognised “spatial” 
variety. 

The filling period was not short in all our patients. 
The heart rate was low in some and regurgitation 
not unduly prolonged in others. It would not have 
been possible to predict these differences in 
haemodynamic state from simple measurements of 
heart rate or cavity size. Yet they are not purely 
of theoretical importance because they suggest 
approaches to treatment. If the filling period does _ 
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Fig3 (a) Continuous wave Doppler trace from a patient 
with sinus tachycardia, showing non-MR interval reduced to 
approximately 80 ms. (b) Continuous wave Doppler trace 
from the same patient while taking oral metoprolol. Heart 
rate has slowed and non-MR interval has increased to 

400 ms. (Full scale deflection = 16 kHz). 


indeed limit cardiac output, it would be reasonable to 
treat it. One way would be to reduce the heart rate; 
such an action might explain the favourable response 
to $ adrenoceptive blocking drugs seen in a minority 
of patients with dilated cardiomyopathy.’ Figure 3 
shows an example of such a patient who greatly 
improved with metroprolol as the filling time 
increased by a factor of more than three. The action 
of positive inotropic drugs in increasing the peak 
force of myocardial contraction and its peak rate of 
development is well recognised,” but their additional 
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effect of shortening the overall duration of systole 
might be particularly valuable when filling time is 
limited and could perhaps be enhanced by suitable 
treatment design. A drug, such as digitalis, with both 
effects might thus have special advantages. Finally, 
the unexpected relation between retrograde mitral 
flow and motion of the valve cusps needs more study 
because the erosion of filling time by regurgitation 
that persists after mitral opening might also be 
manipulated by drugs. 

The patients we have described all had a dilated 
cavity and a reduced ejection fraction; all might 
therefore have been diagnosed as having “heart 
failure’ and a uniform treatment prescribed. 
However, the position of the rate limiting step in the 
circulation varied even in this small group. We 
believe that individual treatment on the basis of 
individual analysis of the underlying disturbance to 
the circulation may be a more fruitful approach to the 
management of the common but intractable clinical 
problem of advanced ventricular disease. 
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Influence of respiratory variations on right 
ventricular function 
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“ SUMMARY Respiratory effort during inspiration, expiration, and the Valsalva manoeuvre changes 
right ventricular preload and afterload. On inspiration these changes should improve systolic 
emptying of a larger end diastolic volume and so increase the ejection fraction, whereas on 
expiration the reverse should be true. The resting right ventricular ejection fraction was measured 
by first pass radionuclide angiography with gold-195m (half life 30-5 s) in 17 individuals at 
maximal inspiration and expiration and in eight at rest and during the strain phase (phase 2) of the 
Valsalva manoeuvre. The right ventricular ejection fraction was significantly lower during 
expiration than during inspiration. There were, however, no significant differences in bolus 
duration or right ventricular transit time. The Valsalva manoeuvre, in contrast, significantly 
increased the ejection fraction and also significantly prolonged both the bolus duration and right 
ventricular transit time. The conformation of the bolus curves during the Valsalva manoeuvre 
suggested the development of tricuspid regurgitation. 

These data suggest that relative influences of venous return, pulmonary arterial pressure, 
pulmonary vascular resistance, and possible functional tricuspid regurgitation vary during 
inspiration, expiration, and the Valsava manoeuvre and can affect the right ventricular ejection 
fraction. Changes in right ventricular function on exercise assessed by first pass radionuclide 
angiography must be interpreted with caution because maximal respiratory effort may alter the 
right ventricular ejection fraction independently of ischaemia or other non-ischaemic factors. 


Recognition of the importance of right ventricular expand; thus pulmonary vascular impedance falls 


function! has led to interest in its measurement. 
Radionuclide angiography is a safe, reproducible, 
and non-invasive method of assessing right 
ventricular ejection fraction.” When the first pass 
method is used right ventricular transit lasts only a 
few seconds, and so rapid changes in function can be 
assessed. The use of the ultrashort half life radio- 
pharmaceutical gold-195m allows multiple, rapid, 
sequential first pass radionuclide angiograms to be 
performed with a low radiation burden.‘ 

During inspiration the negative intrathoracic 
pressure draws blood into the right atrium and so 
increases right ventricular filling pressure.’ In addi- 
tion, the pulmonary vessels dilate as the lungs 
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and this causes a fall in pulmonary artery pressure 
and hence right ventricular afterload.® In contrast 
during expiration right ventricular filling pressure 
falls and afterload increases. Since the right side of 
the heart is a low pressure system, these changes in 
preload and afterload during respiration might be 
expected to bring about relatively large changes in 
right ventricular systolic function. During inspira- 
tion right ventricular filling and emptying will be 
enhanced, and since the ejection fraction is a ratio of 
the stroke volume divided by the end diastolic 
volume, it should increase. The converse is true 
during expiration. 

The Valsalva manoeuvre, forced expiration against 
pressure, reduced pulmonary flow and increased 
pulmonary arterial pressure.” An echocardiographic 
study suggested that right ventricular end diastolic 
volume falls during the Valsalva manoeuvre while 
stroke volume is maintained.” If these data are 
correct and the systolic function of the right ventricle 
is enhanced during the Valsalva manoeuvre, then 
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because blood is not pumped forward, functional 
tricuspid regurgitation must be responsible for 
maintaining or increasing right ventricular ejection 
fraction. 

This study was designed to investigate the 
respiratory changes in resting right ventricular func- 
tion during maximal inspiration, expiration, and the 
Valsalva manoeuvre. 


Patients and methods 


PATIENTS 

We studied 25 people (22 men). They had been 
referred to the nuclear cardiology laboratory for the 
assessment of resting ventricular function. Most had 
proven or suspected coronary artery disease, but 
some were assessed for the possibility of a left 
ventricular aneurysm or cardiomyopathy. We 
excluded those who were unable to lie flat or were not 
in sinus rhythm. None had a history of asthma or 
chronic sputum expectoration or clinical evidence of 
pulmonary disease. Chest radiography showed no 
pulmonary abnormality and no one was taking 
bronchodilator or steroid medication. Informed 
consent was obtained for the study. No adverse 
effects were noted during the study. 


RADIONUCLIDE ANGIOGRAPHY 

First pass radionuclide angiography was performed 
as previously described."' An 18 gauge cannula was 
inserted into a vein in the antecubital fossa and 
boluses of 15-20 mCi (550-750 MBq) of gold-195m 
were injected by a rapid saline flush. Details of the 
portable mercury-195m/gold-195m generator and its 
validation for use in man have already been 
described.‘ ? The subjects were imaged supine in the 
30° right anterior oblique projection, which produces 
the best spatial separation of right atrium and right 
ventricle.” 


INSPIRATION AND EXPIRATION 

Before imaging the 17 subjects were instructed on 
taking and holding deep breaths, in and out. All 
subjects could hold their breath at maximal inspira- 
tion and expiration for at least 20 seconds. An initial 
injection was made to assess the time required for the 
bolus of radioactivity to pass through the circulation 
into the left ventricular phase, and the study 
proceeded only if this was less than 20 s. Subjects 
were then imaged at maximal inspiration and then at 
maximal expiration. The appropriate respiratory 
manoeuvre was held for the entire duration (20 s) of 
the first pass study, and imaging of the right ventricle 
was therefore not obtained during a change from 
inspiration to expiration or vice versa. Three minutes 
(>5 half lives) were allowed to elapse between each 
study. 
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REST AND VALSALVA MANOEUVRE 

Eight subjects were instructed on how to perform a 
Valsalva manoeuvre (expiratory effort against a 
pressure) using a device specially designed to 
maintain an airway pressure of > 35 mm Hg (Medical 
Electronics Department, St Bartholomew’s Hosp- 
ital). All were able to maintain this pressure for at 
least 20 s. Radionuclide angiography was performed 
at rest and then during the holding of the strain phase 
(also known as phase 2) of the Valsalva manoeuvre." 


ANALYSIS OF DATA 

Right ventricular ejection fraction was calculated by 
a manual, iterative technique from high frequency 
time-activity curves derived from a right ventricular 
region of interest.” An appropriate background 
correction was used.“ Right ventricular images were 
derived from background corrected end systolic and 
end diastolic images. Bolus duration was measured 
from the full width at half maximum of a time- 
activity curve from a region of interest over the 
superior vena cava.” These curves were also analysed 
qualitatively for evidence of pulsatile flow, sugges- 
tive of tricuspid regurgitation (fig 1). A previous 
study showed that prolongation of the bolus has no 
significant effect upon the calculation of the right 
ventricular ejection fraction. We derived the right 
ventricular transit time from the right ventricular 
time-activity curve, taking the first identified systolic 
frame (trough) as the beginning and the last diastolic 
frame (peak) as end. The number of cycles 
available for analysis and the mean heart rate were 
also derived from the time-activity curve. Left 
ventricular function was not assessed because the left 
heart transit in first pass studies often came after the 
end of breath holding or the Valsalva manoeuvre 
(that is >20 s after the injection). Thus in some 
studies it was impossible to be certain at which phase 
of the respiratory cycle the left heart was imaged. 


STATISTICAL ANALYSIS 
Statistical analysis was performed with a 
commercially available software program on a 
microcomputer. Inspiratory and expiratory results 
were compared by paired ¢ tests. Results are 
expressed as mean (SD). 


Results 


CHANGES FROM INSPIRATION TO EXPIRATION 

Figure 2 shows the response of the right ventricular 
ejection fraction from maximal inspiration to expira- 
tion in all individuals. The right ventricular ejection 
fraction on inspiration ranged from 12 to 48% witha 
mean value of 31-8 (11:2)%. On expiration the range 
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Fig] Representative trme-actroity curves, with counts on the vertical axis and time on the horizontal axis, 
from a region of interest over the superior vena cava. Upper curve at rest and lower curve during Valsalva 
manoeuvre. Note the considerable prolongation of the bolus duration and the appearance of pulsatile events 
(arrows) during Valsalva manoeuvre R, rest, VSM, Valsalva manoeuvre. 
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Fig 2 Right ventricular ejection fractions on inspiration 
(left) and expiration m all 17 subjects (mean (SD) ). 
RVEP, right ventricular ejection fraction. 


was 11-41% with a mean of 26:2 (9:9)% (p < 0-0lwv 
inspiration). In the whole group the change from 
inspiration to expiration was — 5-7 (6:5)%. Fifteen of 
17 individuals showed a fall in ejection fraction from 
inspiration to expiration ranging from 1 to 16%, with 
a mean 7-7 (3:8)%. Two subjects showed a rise of 6% 
and 11% respectively. 

Figure 3 shows the distribution of changes in right 
ventricular ejection fraction from inspiration to 
expiration. This confirms that most individuals had a 
fall in ejection fraction, with a normal distribution 
around a median value of —7%. The 99% 
probability limits for the mean value are — 10-3 to 
—1:1% indicating a high probability that these 
results represent a true fall in ejection fraction. 

Table 1 shows the mean (SD) results for all 
individuals for the bolus duration, right ventricular 
ejection fraction, right ventricular cycles, right 
ventricular transit time, and heart rate. These are 
shown for inspiration, expiration, and the difference 
between these values. As shown in figure 2, there is a 
significant fall in ejection fraction, but there are no 
other significant differences. 


CHANGES FROM REST TO THE VALSALVA 
MANOEUVRE 

Figure 4 shows the change in right ventricular 
ejection fraction from rest to the Valsalva manoeuvre 
in eight subjects. The right ventricular ejection 
fraction increased from 29-4 (7-3)% (range 20-38%) 
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Fig3 Distribution of changes m right ventricular ejection 
fraction from inspiration to expiration. 


at rest to 42-6 (9-6)% (range 25-54%) during the 
Valsalva manoeuvre (p < 0-001). All subjects 
showed a rise (mean 13-3 (6°8)%, range 5-27%). 

Figure 5 shows the distribution of change in the 
ejection fraction from rest to Valsalva. The values are 
normally distributed around the mean. 

Table 2 shows mean (SD) results in all the subjects 
of the bolus duration, right ventricular ejection 
fraction, right ventricular cycles, right ventricular 
transit time, and heart rate. In contrast with the 
inspiration/expiration results, bolus duration, right 
ventricular cycles, and right ventricular transit time 
were all significantly increased during the Valsalva 
manoeuvre. Heart rate was increased, and although 
this just fails to reach statistical significance it does 
suggest that imaging was performed during the strain 
phase of the Valsalva manoeuvre.” 

Analysis of the changes in the bolus time-activity 
curve from rest to the Valsalva manoeuvre showed 
that six of the eight subjects had pronounced 
increases in bolus duration. In all these individuals 
pulsatile waves appeared during the Valsalva man- 
oeuvre as shown in fig 1. These were caused by 
oscillation of the bolus of radionuclide in the superior 


Table 1 Changes from inspiration to expiration (mean 
(SD)) 
Variable Inspiration Exptration Difference 
Bolus duranon (s) 13a 0) 1507 01029) 
RVEF (%) 318 (11 2) 26 2 (9 9)* -57(65) 
RV cycles §(1 5) 5-8 (2 7) 08 (2 6) 
RV transit ame (3) 37(1 3) 4-1 (1:8) 0-4 (1 8) 
Heart rate 

(beats/min) 765(128) 796031) 31(65) 


*p < 00l mspiraton v expiranon. EF, ejection fraction; 
RV, right ventricular. 
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Fig 4 Right ventricular ejection fraction at rest (left) and 
during Valsalva manoeuvre in all eight subjects (mean 
(SD) ). RVEF, night ventricular ejection fraction. 


vena cava at @ rate similar to the heart rate. These are 
suggestive, although not diagnostic of the develop- 
ment of tricuspid reflux, and, in our experience, are 
not seen in any other condition. A hold up of the 
passage of bolus for any other cause is not associated 
with regular pulsatile changes in the time-activity 
curve. 
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Fig5 Dusseribution of changes tn right ventricular ejection 


fraction from rest to Valsalva manoeuvre. RVEF, right 


ventricular ejection fraction. 
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Table2 Changes from rest to Valsalva manoeuvre (mean 
(SD)) 


Vaniabie Rest Valsalva Difference 
Bolus duration (s) 09(0 2) 2-8 Oo 19018 
RVEF (%) 294(73 42 6 (9 6)** 133168 
RV cycles 4110) 7 8 (4:0)* 365) 
RV transit ume (8) 33(09) 53(23)* 2 0 (1-8) 
Heart rate 

(beats/min) 6711141) 81 8(17 8) 14619 9) 


*p < 005, **p < 0 001. Same abbreviations as table 1 


Discussion 


METHODS OF ASSESSING RESPIRATORY CHANGES 
IN RIGHT VENTRICULAR FUNCTION 

Radionuclide angiography has several advantages 
over other methods of studying the right ventricle. It 
is non-invasive, does not induce arrhythmias and 
does not require assumptions about the right ven- 
tricle’s complex geometric shape. In gated studies?* 
overlap by other chambers may bea problem, and the 
time required for data acquisition means that rapid 
changes will be missed. It would be difficult, if not 
impossible, to perform gated studies to assess the 
respiratory changes in right ventricular function 
because of this. Echocardiography, although non- 
invasive and having good spatial resolution, has the 
inherent disadvantages that the assessment of 
changes in right ventricular volume requires both 
assumptions about ventricular shape and good 
imaging in at least two planes.°” Since during 
respiration there is movement of the heart it is 
difficult to locate the same planes at different phases 
of the respiratory cycle. Thus first pass radionuclide 
angiography is uniquely suited to the study of rapid 
changes in right ventricular function, and the use of 
gold-195m means that multiple rapid studies may be 
performed with a low radiation burden.” 


CHANGES WITH RESPIRATION 

This study showed that right ventricular ejection 
fraction falls from maximal inspiration to expiration 
by, on average, about 6%. This is not unexpected 
because venous return, and therefore right ventri- 
cular preload, falls and afterload increases during 
expiration. The radionuclide assessment of right 
ventricular ejection fraction correlates well with 
haemodynamic measures of right ventricular func- 
tion, particularly mean pulmonary artery pressure 
and to some extent right ventricular filling pressure.” 
But radionuclide angiography is sensitive enough to 
show the changes in right ventricular ejection 
fraction that accompany respiratory induced changes 
in haemodynamic function. Since the mean ejection 
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fraction on inspiration was about 30%, a fall of about 
6% represents an average overall 20% fall in ejection 
fraction. Impaired atrial filling and increased 
intrathoracic pressure on maximal expiration did not 
significantly prolong either the bolus duration or the 
right ventricular transit time. 


CHANGES DURING THE VALSALVA MANOEUVRE 

In the second part of the study we assessed the effects 
of the Valsalva manoeuvre on right ventricular 
function. The strain phase of the Valsalva manoeuvre 
caused a fall in left ventricular volume and ejection 
fraction." Echocardiographic studies that use the 
right ventricular area, a measure that correlates well 
with right ventricular volume, have shown falls of up 
to 70% in right ventricular end diastolic volume, 
associated with maintenance of or only a slight 
reduction in stroke volume.’ Since the ejection 
fraction is calculated from stroke volume divided by 
end diastolic volume this should increase during the 
Valsalva manoeuvre. 

Our data suggest that this may well be so, because 
there was on average a 45% increase in right ven- 
tricular ejection fraction from rest to the Valsalva 
manoeuvre. In contrast with the study of inspiration 
and expiration there was significant prolongation of 
both infiow to the right ventricle, as measured by 
bolus duration, and right ventricular transit time. 
Qualitative assessment of the bolus curves from the 
superior vena cava showed them to have a pulsatile 
element that is characteristic of tricuspid regurgita- 
tion. It is difficult to be certain that this feature really 
did reflect tricuspid reflux because the increase in 
right ventricular pressure might simply result in 
bolus hold up. However, in our experience, it is 
unusual to see these pulsatile waves in individuals 
with raised right sided pressures, but they often 
occur in patients with tricuspid regurgitation. We 
have previously shown that prolongation of bolus 
duration in itself has no effect on the calculated right 
ventricular ejection fraction,” so that the changes we 
saw in right ventricular ejection fraction during the 
Valsalva manoeuvre are unlikely to be related to this 
variable. Using the first pass technique we were 
unable to assess right ventricular volume, but the 
finding of increased right ventricular ejection 
fractions combined with data suggesting reduced 
forward flow in the pulmonary artery,’ indicates an 
explanation for the apparent paradox of tricuspid 
regurgitation associated with reduced right 
ventricular end diastolic volumes. Thus it may be 
that right ventricular ejection fraction increases 
during the Valsalva manoeuvre despite increased 
afterload and reduced end diastolic volume because 
blood is ejected into the venous system via a regur- 
gitant tricuspid valve. This hypothesis would fit the 
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observed data, but further study is required to 
quantify the extent of the tricuspid regurgitation. 

Finally, is it possible that the changes in right 
ventricular ejection fraction might also, in part, be 
caused by changes in heart rate or contactility. Heart 
rate increased, but not significantly from rest to the 
Valsalva manoeuvre. Studies of the relation between 
heart rate and left ventricular ejection fraction 
showed that over the physiological range, changes in 
heart rate do not significantly affect ejection fraction, 
and above this range the direction of change in 
ejection fraction, a fall with increased heart rate, is in 
the opposite direction to the changes that we found 
during the Valsalva manoeuvre.” The change in 
heart rate in the current study was < 40 beats/min in 
all cases and it seems unlikely that heart rate alone 
would explain the difference in right ventricular 
ejection fraction from rest to the Valsalva man- 
oeuvre. In addition the change in heart rate might 
reflect the change in inotropic state and hence 
contractility; but data from left ventricular studies 
again suggest that in the range of heart rates studied 
this is unlikely to be so. It seems unlikely that the 
changes we saw in right ventricular ejection fraction 
are related to changes in heart rate or contractility; 
they are more likely to reflect changes in loading 
conditions. 


CONCLUSIONS AND CLINICAL IMPLICATIONS 
These data suggest that the right ventricular ejection 
fraction, derived from first pass radionuclide angio- 
graphy, is a sensitive method of assessing changes 
in right ventricular function during respiratory 
manoeuvres, and that the ejection fraction falls on 
maximal expiration and rises during the strain phase 
of the Valsalva manoeuvre. The clinical implications 
of these findings are unclear, but they do suggest that 
changes in right ventricular ejection fraction at peak 
exercise may, in part, be related to respiration, since 
rapid deep breathing occurs during exercise. These 
data may explain why the response of right ven- 
tricular ejection fraction to exercise is the same in 
normal individuals and in those with coronary artery 
disease and pulmonary disease.*” They also imply 
that changes in right ventricular function on exercise, 
assessed by first pass studies in individuals with 
coronary disease, may not simply reflect right ven- 
tricular ischaemia.* It could be that respiratory 
manoeuvres may be of use as a test of right ven- 
tricular “functional reserve” in the assessment of 
patients with isolated right ventricular myopathies 
and in those with overt pulmonary disease in whom 
exercise studies are difficult, but as yet there are no 
data on this aspect. 


JLC was supported by the British Heart Foundation. 
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Diagnosis of ventricular septal rupture after 
myocardial infarction: value of colour flow mapping 
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SUMMARY ‘Twenty patients with ventricular septal rupture after myocardial infarction were 
investigated by cross sectional echocardiography with integrated pulsed and continuous wave 
Doppler and colour flow mapping. Confirmatory cardiac catheterisation was performed in 12 
patients. Eighteen patients had surgical repair with inspection of the defect. Six patients in whom 
recurrent ventricular septal rupture developed were also investigated by Doppler echocardio- 
graphy and colour flow mapping. Cross sectional echocardiography correctly predicted the infarct 
territory in all cases but visualised the septal rupture in only seven (35%). Pulsed and continuous 
wave Doppler detected a disturbance of right ventricular systolic flow that was diagnostic of a 
ventricular septal rupture in 19 (95%), but this only accurately predicted the site in 14 (70%). 
Colour flow mapping studies showed a mosaic jet traversing the interventricular septum in all 20 
cases, and this accurately predicted the site of rupture. In addition colour flow mapping defined 
three sites of ventricular septal rupture: apical, posterior, and anterior trabecular. Five of the six 
patients with recurrent rupture were correctly diagnosed by pulsed and continuous wave Doppler 
and all six were diagnosed by colour flow mapping. 

Cross sectional echocardiography with colour flow mapping is a highly sensitive and rapid 
technique for the assessment of postinfarction ventricular septal rupture before and after 
operation. It was more informative about the site of the rupture than pulsed and continuous wave 


Doppler echocardiography. 


Ventricular septal rupture occurs in about 2% of 
patients with acute myocardial infarction.’ Con- 
servative treatment is associated with a high mor- 
tality’ and therefore a rapid and accurate diagnosis is 
essential so that early surgical repair can be perfor- 
med.*>* Because it is often difficult to distinguish 
between post-infarction ventricular septal rupture 
and acute mitral regurgitation on clinical grounds,’ a 
rapid and reliable non-invasive diagnostic technique 
such as cardiac ultrasound is needed. Cross sectional 
echocardiography alone, however, may fail to visual- 
ise the defect in a considerable number of patients.” 
The addition of pulsed Doppler echocardiography 
increased the overall diagnostic accuracy but it was 
less sensitive in predicting the rupture site.» Colour 
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flow mapping has been used in the diagnosis of post- 
infarction ventricular septal rupture,” but there are 
no published reports of studies to evaluate the 
potential benefits of colour flow mapping in the 
diagnosis and management of this condition. 

We studied the diagnostic accuracy of all these 
ultrasound techniques in a group of patients with 
post-infarction ventricular septal rupture. 


Patients and methods 


PATIENTS 
Between December 1986 and November 1987 all 20 
patients referred to the Wessex Regional Cardio- 
thoracic Unit with suspected post-infarction ven- 
tricular septal rupture were investigated by cross 
sectional echocardiography with integrated pulsed 
and continuous wave Doppler and colour flow map- 
ping. Patients with isolated acute mitral regurgita- 
tion were excluded. The diagnosis was confirmed at 
operation (18 patients) or necropsy (two patients). 
There were 13 men and seven women (aged 52-78 
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Table 1 Climcal and surgical data of 20 patients with post- 
infarct ventricular septal rupture (VSR) 


Mean age 68 (range 52-78) yr 
Male.female 19:1 
Anterior mfarcnon 11 (55%) 
Inferior infarction 9 (45%) 
Mean time from infarct to VSR 3 (range 0-16) days 
Diagnostic techniques: 
CS echo, Doppler, and CFM 20 
Cardiac catheterisation 12 
Surgical: 
VSR closure alone 12 
With associated LV ancurysm 
resect 2 
With associated coronary grafts 6 
No operation 2 
Early death 1 (5%) 
Recurrent VSRs 6 (33%) 
Recurrent VSRs requiring 
reoperation 4 (22%) 
CS echo, cross sectional echocardiography; CFM, colour flow 


(mean 68) years) (table 1). Eleven had sustained an 
anterior myocardial infarct and nine an inferior 
myocardial infarct as judged by a 12 lead electrocar- 
diogram. Eighteen patients underwent closure of the 
ventricular septal rupture, two with associated left 
ventricular aneurysm resection and six with 
additional coronary artery bypass grafts. Two 
patients did not proceed to operation because of 
coexisting medical conditions; both died within days 
of diagnosis. In six patients (33%) recurrent ven- 
tricular septal rupture developed; these were confir- 
med by cardiac catheterisation, Doppler echocar- 
diography, or both and only four (22%) required 
reoperation on clinical criteria. 


METHODS 

Echocardiography 

All echocardiographic studies were performed at the 
bedside immediately the patient arrived on the unit 
and were completed within 25 minutes. Cross sec- 
tional echocardiography with integrated pulsed and 
continuous wave Doppler and colour flow mapping 
studies were performed with a Toshiba SSH 65A. 
Standard parasternal, apical, and subcostal views 
were examined in all patients. When the ventricular 
septal rupture was visualised the pulsed Doppler 
sample was placed in the right ventricle, adjacent to 
the exit point of the defect, in order to detect the 
abnormal right ventricular systolic turbulence that is 
diagnostic of a ventricular septal defect.’* The con- 
tinuous wave Doppler beam was then aligned across 
the defect to obtain the clearest maximal systolic 
velocity contour and to assess both the systolic and 
diastolic shunting patterns. If the ventricular septal 
rupture was not visualised the pulsed Doppler 
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sample was placed at the right ventricular apex and 
moved down the interventricular septum in the 
apical four chamber view until systolic turbulence 
was detected. This latter manoeuvre was carried out 
in an attempt to define the area(s) of trans- 
myocardial flow and thus predict the defect site. 
We performed the colour flow mapping studies using 
the velocity mode with the appropriate filter and gain 
settings after the initial imaging and Doppler studies. 
The interventricular septum was then imaged, as 
before, until a mosaic jet signifying high velocity 
turbulent flow was identified traversing the septum. 
The position of the defect and the number of jets 
arising from the same defect or multiple defects were 
then noted. Mitral regurgitation if present was 
identified by continuous wave Doppler and colour 
flow mapping. 

The same protocol was applied to postoperative 
patients with a suspected recurrence of a ventricular 
septal rupture. 


Cardiac cathetertsation 

Left ventricular cineangiography and selective 
coronary arteriography were performed in 12 
patients, and three had additional right heart cath- 
eterisation. Four of the six patients with recurrent 
defects had both left and right heart catheterisation. 


Results 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Wall motion 

Cross sectional echocardiography correctly identi- 
fied the infarct territory in all 20 patients by identify- 
ing areas of abnormal wall thinning and wall motion, 
and this correlated with the eclectrocardiogram and 
the left ventricular cineangiogram. Six of the 11 
anterior myocardial infarcts had obvious dyskinetic 
segments with a characteristic bulge of the apical 
septum protruding into the right ventricle. 


Visualisation of the ventricular septal rupture 

The ventricular septal rupture was directly visual- 
ised in seven patients (35%) (table 2). In the remain- 
ing 13 patients complete interruption of the inter- 
ventricular septum could not be demonstrated. In 
several patients there were localised areas of abnor- 
mal septal motion or septal thinning which, although 
suspicious, were not considered diagnostic of post- 
infarction ventricular septal rupture. 


PULSED AND CONTINUOUS WAVE DOPPLER 
Abnormal right ventricular flow disturbance 

Pulsed Doppler echocardiography detected an 
abnormal right ventricular systolic flow, characteris- 
tic of a ventricular septal defect, in 19 patients (95%) 
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Table 2 Diagnostic accuracy of each echocardiographic 
technique in 20 patients with post-infarction ventricular 
septal rupture 


CS echo PW and CW Colour flow 
alone Doppler mapping 
Correct diagnosis 7 (35%) 19 (95%) 20 (100%) 
Accurate site 
prediction 7 (35%) 14 (70%) 20 (100%) 





CS echo, cross sectional echocardiography; PW and CW, pulsed 
and continuous wave Doppler echocardiography. 


(table 2). This systolic flow disturbance was of high 
velocity in all the cases studied and resulted in an 
aliased pulsed Doppler signal. Continuous wave 
Doppler also detected a high velocity jet in 95%, with 
peak velocities ranging from 1-9 to 4-0 m/s. Pulsed 
and continuous wave Doppler were non-diagnostic 
in an obese patient who was very ill. 


PRT CBs 
OPER: 
BE tkistpe 





150. 


150 


-2 
OMP:S RACT: 9 PET: $4 ETS 


4 
ié LPB 


Smyllie, Dawkins, Conway, Sutherland 


Doppler evaluation of the site of ventricular septal 
rupture 

In 14 patients (70%) pulsed Doppler correctly 
estimated the position of the ventricular septal 
rupture found by inspection of the defect at operation 
or necropsy (table 2). In the remaining six patients it 
did not. One patient had no detectable abnormal 
Doppler signal diagnostic of a post-infarction ven- 
tricular septal defect (see above). The other five 
patients were thought to have apical defects on the 
basis of the Doppler signal alone; however, at sur- 
gical inspection two had posterior and three had 
anterior trabecular ventricular septal rupture. 


Systolic and diastolic shunting patterns 

Systolic left to right ventricular shunting was shown 
in 19 patients by continuous wave Doppler. This 
typically resulted in a high velocity, systolic jet 
directed towards the transducer (fig 1). In six 
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Fig 1 A continuous wave Doppler echocardiogram recording from a patient with a post-infarction ventricular septal rupture 
showing high velocity (3-8 m/s) systolic left to right shunting. In diastole there was almost pandiastolic left to right shunting 
(thick arrows) with a characteristic rise in velocity towards the end of diastole. In early diastole there was a short period of 
flow reversal (thin arrows) which is of low velocity and indicates right to left shunting (see text). 
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Fig2 (a) A continuous wave Doppler echocardiogram recording and (b) a diagram from a patient with an apical 
post-infarction ventricular septal rupture. The continuous wave recording (a) has a negative Doppler shift indicating flow 
directed away from the transducer. The peak systolic velocity is 4:0 m/s. The diagram (b) represents the alignment of the 
continuous wave transducer to the apical defect and shows how flow from the left to the right ventricle may be directed away 


from a precordial transducer when it is placed at the apex. 


patients, however, a high velocity systolic waveform 
directed away from the transducer was recorded (fig 
2a). This occurred in apical and anterior trabecular 
post-infarction ventricular septal rupture and only 
when the transducer was placed at the apex (fig 2b). 
This negative waveform closely resembled that of 
tricuspid regurgitation with which it could easily be 
confused. 

Diastolic left to right ventricular shunting was 
detected in 15 patients. This was almost pandiastolic 
and of much lower velocity than the systolic shunt, 
with a characteristic increase in velocity towards the 
end of diastole (fig 1, thick arrows). In eight patients 
continuous wave Doppler showed a reversal of flow 
in early diastole, indicating a short period of right to 
left shunting (fig 1, thin arrows). In two of these 
patients, simultaneous dual catheter studies 
indicated a “crossover” of left and right ventricular 
pressures during the period of isovolumic relaxation. 


COLOUR FLOW MAPPING 

Colour flow mapping detected one or more mosaic 
jets (indicating high velocity, turbulent flow) travers- 
ing the interventricular septum in all 20 patients. 


Demonstration of colour encoded transseptal flow 
and the exit point of the defect accurately predicted 
the site of the defect and this site correlated with what 
was found at operation (table 2). Multiple jets were 
seen in three patients; they arose from the same 
defect in two and from two separate defects in the 
other. In addition colour flow mapping recognised 
three separate areas of flow disturbance within the 
interventricular septum—apical (six patients), pos- 
terior (nine patients), and anterior trabecular (five 
patients)—each diagnostic of a specific rupture site. 
Figures 3-5 show examples of these different flow 
patterns. In fig 3, there is a broad mosaic jet 
traversing the interventricular septum, passing from 
the left to the right ventricle that represents a large 
apical ventricular septal rupture. In fig 4, two mosaic 
jets arise from the same defect and represent a 
fenestrated posterior ventricular septal defect, which 
was confirmed at operation. In fig 5, two mosaic jets 
seem to originate from a single anterior trabecular 
defect, with one jet directed towards the apex and the 
other jet back towards the tricuspid valve. This was 
caused by a muscle band that lay across the septal 
surface of the right ventricular exit point of the defect 
and split the ventricular septal defect jet into two. 
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Fig3 Colour flow map recorded in the apical four chamber 
view during systole showing an apical post-infarction 
ventricular septal rupture (mosaic jet) traversing the apical 
septum (see text). LV, left ventricle; RV, right ventricle; 
IVS, interventricular septum; MV, mitral valve; TV, 
tricuspid valve; RA, right atrium. 


Fig4 Colour flow map recorded from the apex with the 
transducer tilted to image the posterior septum during systole. 
This shows a posterior ventricular septal rupture (see text). 
See fig 3 for abbreviations. 


Fig5 Colour flow map recorded in a modified four chamber 
view during systole. This shows an anterior trabecular 
rupture (see text). See fig 3 for abbreviations. 


Recurrent ventricular septal rupture (see table 3) 

Recurrent ventricular septal rupture developed in six 
patients out of the 18 who underwent surgical repair 
(33%). This was shown by colour flow mapping 
studies. In four patients the diagnosis was confirmed 
by cardiac catheterisation and reoperation. Cross 
sectional echocardiography detected the presence of 
only one recurrent ventricular septal rupture. Pulsed 
Doppler was accurate in five patients and colour flow 
mapping was accurate in all six. In one patient colour 





Table 3 Diagnostic accuracy of each echocardiographic 
technique in the six patients with recurrent ventricular septal 
rupture 








CS echo PW and CW Colour flow 
alone Doppler mapping 
Correct diagnosis 1 (17%) 5 (83% 6 (100%) 
Accurate site 
prediction 1 (17% 4 (67%, 6 (100°) 





See table 2 for abbreviations 


flow mapping detected two separate ventricular 
septal defect jets, one at the lower end of the patch 
suggesting patch dehiscence and the other away from 
the patch suggesting further septal rupture—this was 
later confirmed at operation. 


Discussion 


The results from this study suggest that colour flow 
mapping is both a rapid and sensitive technique for 
the diagnosis and preoperative assessment of patients 
with post-infarction ventricular septal rupture. It 
also gave more information than conventional imag- 
ing and Doppler. In this series cross sectional 
echocardiography failed to image >50% of defects, 
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and this finding accords with previously reported 
series.” The addition of pulsed Doppler increased 
the overall diagnostic yield but was not accurate in 
predicting precisely the defect site. In many patients, 
colour flow mapping showed a widespread distur- 
bance of right ventricular flow and this might explain 
the difficulties in detecting the precise right ven- 
tricular exit point of the ventricular septal defect by 
pulsed Doppler. Pulsed Doppler studies were also 
time consuming and required a more rigorous 
examination technique than colour flow mapping 
studies. 

Colour flow mapping was also able to show 
multiple ventricular septal defect jets, which was not 
possible by conventional pulsed Doppler. In this 
study four patients had multiple jets (three new and 
one recurrent). Two of these patients had jets arising 
from different areas of the septum and so the 
diagnosis of multiple defects was obvious. In the 
other two patients the colour jets originated from the 
same area of the septum and so a definitive diagnosis 
of multiple defects was not possible. None the less, 
the knowledge that multiple defects were in close 
proximity was of practical value to the surgeon. 

Three differing, discrete, areas of transseptal flow 
could be identified by colour flow mapping. Correla- 
tion with the findings at operation showed these to be 
diagnostic of apical, anterior trabecular, or posterior 
ventricular septal defects (figs 3-5). Apical jets 
represented defects confined to the apical septum, 
anterior trabecular jets represented defects confined 
to the central and anterior septum, and posterior jets 
represented muscular defects in the inlet septum. 
This classification of the site of post-infarction 
ventricular septal rupture flow by colour flow map- 
ping was easily recognisable and understood, and 
correlated well with the findings at operation. 

To date there are little published data on the use of 
continuous wave Doppler in the assessment of post- 
infarction ventricular septal rupture. The results 
from this study suggest that continuous wave 
Doppler can be used to detect and define the high 
velocity right ventricular flow disturbance associated 
with these defects. But when it is used alone con- 
fusion may arise with the recording of the velocity 
waveform from apical defects where a negative 
waveform may be obtained (fig 2a). This contrasts 
with both congenital defects and other forms of post- 
infarction ventricular septal rupture where a positive 
waveform is obtained. The unwary may confuse this 
negative waveform with tricuspid regurgitation, 
which produces a similar signal. In our experience 
the combined use of continuous wave Doppler with 
colour flow mapping overcame this problem because 
it showed the alignment of the continuous wave beam 
to specific areas of colour encoded transseptal flow. 
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The diastolic shunting patterns associated with 
post-infarction ventricular septal rupture are also 
defined by continuous wave Doppler. Left to right 
ventricular shunting from early to late diastole has 
been well described in both congenital restrictive and 
post-infarction ventricular septal rupture.” Early 
diastolic right to left shunting as shown by contin- 
uous wave Doppler has not been described before. 
This reversal of flow occupied a short period in early 
diastole that corresponded with the period of 
isovolumic relaxation. A postulated cause might be 
that a delay in right ventricular emptying would 
cause a crossover of left and right ventricular pres- 
sures so that the pressure in the right ventricle 
exceeded that of the left ventricle during this short 
period in early diastole. Although this early reversal 
of diastolic flow was of low’ velocity and its 
haemodynamic importance uncertain, it could ex- 
plain the mechanism of positive contrast echo- 
cardiography, where a peripheral intravenous injec- 
tion of microbubbles appears to cross from the right 
to the left ventricle.’ 

Colour flow mapping also proved more valuable 
than pulsed Doppler in the postoperative period for 
the assessment of patients in whom recurrent ven- 
tricular septal rupture developed. Pulsed Doppler 
missed the diagnosis in one patient who had coexist- 
ing mitral regurgitation. Later a diagnosis based on 
colour flow mapping was correct. Colour flow map- 
ping was not only highly accurate, but in one patient 
distinguished between patch dehiscence and further 
septal rupture. This was not possible with the 
conventional Doppler techniques. 

The role of left heart catheterisation (in particular 
left ventricular cineangiography) in the management 
of post-infarction ventricular septal rupture has been 
questioned.""” But the insensitivity of pulsed 
Doppler in predicting the site of the defect has led to 
left ventricular cineangiography being regarded as a 
necessary aid to operation. Colour flow mapping has 
now reduced the need for left ventricular cineangio- 
graphy; not only is it quicker and more sensitive but 
it carries less risk.’ Left ventricular cineangiography 
is no longer routinely used in our unit for the pre- 
operative assessment of post-infarction ventricular 
septal rupture. The role of coronary arteriography is 
perhaps more contentious and is outside the scope of 
this paper, but the initial impression from this study 
was that post-infarction ventricular septal rupture 
caused by anterior infarcts was associated with a 
different distribution of coronary disease than that 
caused by inferior infarcts—anterior infarcts were 
often associated with single vessel disease whereas 
inferior infarcts were more frequently associated 
with multiple vessel disease. 

In our opinion, colour flow mapping is the best 
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technique for the diagnosis and the preoperative and 
postoperative assessment of post~infarction ven- 
tricular septal rupture. It supersedes conventional 
pulsed Doppler echocardiography and left ven- 
tricular cineangiography, and may obviate the need 
for any invasive investigation in selected cases. 
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SUMMARY Cardiac angiography was reviewed in 91 patients with post-infarction ventricular 
septal rupture. The results were compared with those of 123 stable survivors who had a positive 
submaximal exercise test early after infarction. Anterior infarction and occlusion of the infarct 
vessel were more common in those with ventricular septal rupture than in the comparison group. In 
the group with ventricular septal rupture there was more left ventricular damage, with aneurysm 
formation in two thirds, and coronary angiography showed more single than triple vessel disease. 
In the comparison group there was more triple vessel disease than single vessel disease. 
Angiographically demonstrable collaterals to the infarct territory were not seen or only very faintly 
seen in 82% of those with septal rupture. Well developed collaterals were seen in two thirds of the 


comparison group. 


These patterns of coronary disease suggest that ventricular septal rupture is more likely in 
patients with coronary occlusion and little or no collateral support to the infarct territory. 


The interventricular septum is believed to rupture in 
approximately 1% of survivors of myocardial in- 
farction.’ Early investigation and operation are the 
usual treatment.** This study was prompted by the 
clinical impression that we were seeing consistent 
patterns of coronary collateral circulation and left 
ventricular anatomy in patients with post-infarction 
septal rupture. 

It is difficult to find an appropriate control group 
in an observational study. Differences in patient 
selection, angiographic assessment, and intervals 
from infarction to investigation often make com- 
parison with other published trials inappropriate. 
We overcame some of these problems by using a large 
well defined consecutive series of stable survivors of 
infarction as a comparison group.’ We selected 
patients from the London and Newham hospitals 
who had an early post-infarction exercise test. This 
was followed by early coronary and left ventricular 
angiography. So the comparison group showed the 
angiographic features seen by us soon after infarction 
and this allowed direct comparison with the features 
we found in patients with septal rupture. 
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Patients and methods 


PATIENTS 

Ventricular septal rupture after myocardial infarction 
We included all 91 patients seen from 1979 to 1987 at 
the London Hospital and London Chest Hospital 
with post-infarction septal rupture in whom cardiac 
cineangiograms were available. 


Comparison group 

A consecutive series of stable survivors of infarction 
aged <65 years underwent submaximal exercise 
testing at a mean interval of 12 days after infarction. 
A positive result was based on ischaemic changes on 
the electrocardiogram, angina, an abnormal blood 
pressure response, the development of ventricular 
arrhythmias, or inability to complete the protocol. 
Left ventricular and coronary angiography was per- 
formed on all 123 patients in this comparison group. 


ANGIOGRAPHIC STUDY 

Extent of coronary disease 

The severity of coronary disease was assessed in at 
least two, and usually six projections by independent 
observers. Arterial occlusion or important stenosis 
(luminal diameter reduced by 70% or more) was 
assessed in the infarct and in the non-infarct related 
vessels. 
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Table Characteristics of patients with acquired ventricular 
septal rupture after myocardial infarction and a comparison 
group who had a positive submaximal exercise test soon after 
infarction 








Early positive 
Ventricular septal exercise test after 
rupture after 
myocardial infarction infarction 
(n = 91) (n = 123) 
Mean age (yr) (SD) 63 (77) 54 1 
Male:female ratio 2:1 51 Œ 
Anterior infarct (%) 70 40 
Infarct vessel occluded 
(%) 92 79 
Median time (days) from 
to catheter 
(range) 12 (1-470) 21 (7-40) 
Aneurysm present(%) 66 24 
Regional wall motron 
score 28 22 
Collateral circulation 


Cross filling collateral circulation to the infarct 
related artery was assessed by a simple scoring 
system indicating flow from other vessels, whether 
dominant or non-dominant: 0, no collateral circula- 
tion; 1, faint filling of branch vessels; 2, faint filling of 
epicardial vessel; 3, good filling of epicardial vessel. 


Left ventricular function 

We used the system adopted by the Coronary Artery 
Surgery Study investigators to score regional wall 
motion and so estimate left ventricular function.‘ 
The left ventricular angiograms in both right and left 
anterior oblique projections were divided into five 
segments and each was scored as follows: 1, normal 
contraction; 2, mild hypokinesia; 3, severe hypo- 
kinesia, 4, akinesia; 5, dyskinesia; 6, aneurysm 
formation. 

The sum of all the segments’ scores gives a total left 
ventricular score. A normal result is 10 and higher 
scores indicate greater degrees of left ventricular 
dysfunction. In addition to this numerical scoring 
system we examined each left ventricular angiogram 
for an aneurysm, defined as discrete regional systolic 
expansion. 

We used y? analysis to compare the angiographic 
variables of the two study groups. 


Results 


CHARACTERISTICS OF GROUPS (TABLE) 

The table shows the differences between the patients 
with septal rupture and the comparison post-infarc- 
tion group. Patients with septal rupture were older 
(63 yr v 54 yr), had a more even ratio of men to 
women (2:1), and a greater preponderance of anterior 
infarctions (70% v 40%). The two groups overall had 
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Fig1 Infarct vessel at angiography in patients with septal 
rupture and tn the comparison group with a positive 
submaximal exercise test after infarction. LAD, left anterior 
descending coronary artery; RCA, right coronary artery; 
Cx, circumflex. 


a similar interval from infarction to angiography, but 
some patients with septal rupture presented a con- 
siderable time after infarction. The longest interval 
was more than a year. Most patients with septal 
rupture were investigated within two weeks of infarc- 
tion and within a few days of the diagnosis of septal 
rupture (median interval 12 days (range 1~470). The 
median delay in the comparison group was 21 days 
(range 7-40) from infarct to angiography. 


CORONARY ANGIOGRAPHY (TABLE, FIGS 1 

AND 2) 

Anterior infarction was more common in patients 
with septal rupture and this accorded with the higher 
rate of occlusion of the left anterior descending artery 
(70%). Total occlusion of the infarct vessel was more 
common in those with septal rupture than in the 
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Fig2 Extent of coronary disease at angiography im patients 
with septal rupture after myocardial infarction and in a 
comparison group with a positive submaximal exercise test 
after myocardial infarction. 
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Fig3 Extent of collateral circulation to the infarct related 
artery in patients with septal rupture after infarction and in 
a comparison group with a positive submaximal exercise test 
after infarction. 


Fig4 Coronary angiography in a patient after anterior 
infarction complicated by septal rupture. The left coronary 
angiogram (a) shows occlusion of the anterior descending 
branch which has no collateral filling of the distal vessel from 
the right coronary artery (b). 
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= ae 
Fig5 Coronary angiography in a stable patient soon after 
inferior infarction. The right coronary angiogram (a) is 
occluded. The left coronary angiogram (b) shows good distal 
filling of the right coronary artery via collaterals. 


comparison group (92% v 79%, p < 0-01). There 
was more single vessel disease than triple vessel 
disease in those with septal rupture (43%, v 24%). 
The reverse was true in the comparison group (p < 
0-01) (25°, single vessel disease and 45% triple vessel 
disease). 


COLLATERAL CIRCULATION TO INFARCT 
RELATED ARTERY (FIGS 3, 4, AND 5) 

We found a striking and highly significant difference 
(p < 0-001) in the pattern of collateral circulation to 
the infarct territory in the two study groups. Over 
half (56°, ) of the patients with septal rupture had no 
angiographically demonstrable collaterals and a fur- 
ther 26% had only faint (grade 1) branch vessel 
filling. Just one of the 91 patients had a grade 3 
collateral supply to the epicardial portion of the 
infarct related artery. In the comparison group, 
however, over half had well developed collateral 
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circulation with grade 3 (45%) or 2 (20%) scores. 
Ranking the patients (either group) according to the 
interval since infarction, age, or site of infarction or 
degree of left ventricular impairment made no dif- 
ference to the results of collateral scoring. 


LEFT VENTRICULAR ANGIOGRAPHY (TABLE) 

Another clear and statistically significant difference 
between the study groups was the frequency of 
aneurysm formation. There was a left ventricular 
aneurysm in 66% of the septal rupture group and 
only 24%, of the comparison group (p < 0-0001) and 
patients with septal rupture showed a greater degree 
of left ventricular damage as judged by the regional 
wall motion score. They had a higher mean score 
than the comparison group (28 v 22 p < 0-01). 


Discussion 


This series of 91 patients with post-infarction ven- 
tricular septal defect from two referral centres gives a 
broad clinical experience of this condition. In the 
past clinical attitudes favoured delayed transfer to 
referral centres such as our hospitals, and this 
probably would have led to many of these high risk 
patients dying before investigation and operation.” 

In patients with septal rupture there were fewer 
collaterals to the infarct territory. Our comparison 
group, chosen because of the short interval from 
infarction to angiography, had more three vessel 
disease than those with septal rupture. An earlier 
report on early angiography in a large unselected 
consecutive group of survivors of infarction showed a 
similar pattern of coronary disease to that seen in our 
patients with ventricular septal defects.” But 61% 
had collaterals—a similar proportion to that found in 
our comparison group. This emphasises the lack of 
collateral circulation associated with ventricular sep- 
tal rupture. 

Human collateral circulation varies and its pattern 
of development is unclear. Coronary collateral ves- 
sels are thought to enlarge in the presence of obstruc- 
tive coronary disease creating a pressure gradient and 
encouraging flow between the epicardial coronary 
arteries.” In acute coronary occlusion, collateral 
circulation may be seen immediately but its func- 
tional importance and time course of development 
are not known in humans. Reports from a series of 
patients studied after infarction, who had occlusion 
of the infarct vessel, give some insight to the rate of 
progression of collaterals.” Just 16% had collaterals 
visible on angiography within six hours but after the 
first day the rate rose to 62% (grade II-III collateral 
score) with only small increases in the :ollowing 
weeks. This suggests that the small differences in the 
intervals from infarction to angiography in our two 
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groups are unlikely to have influenced the results 
significantly. Sporadic case reports have indicated 
that a collateral circulation may be well developed in 
the absence of chronic obstructive disease and 
protect the heart after ligation of the left anterior 
descending artery or traumatic right coronary 
arteriocameral fistula.’* Large retrospective studies 
of patients with coronary disease have given an 
indication of the functional importance of collaterals 
seen on coronary angiography. Evidence from 
studies of regional wall motion supports the view that 
collaterals protect the heart when coronary occlusion 
occurs." '* This effect was of more benefit after 
occlusion of the left anterior descending artery than 
after occlusion of the right coronary artery.” 

Our findings indicate that septal rupture after 
infarction is most likely to be associated with total 
occlusion of a coronary artery (usually the left 
anterior descending artery) with little or no collateral 
flow to the infarct territory. The absence of collateral 
flow probably increases regional necrosis leading to 
an increased risk of left ventricular aneurysmal 
dilatation -and .septal rupture. Alternatively, the 
absence of collateral circulation could simply reflect 
the extensive myocardial damage. This is unlikely in 
view of the equal distribution of collaterals in our 
comparison group irrespective of the extent of left 
ventricular damage. If our original hypothesis were 
correct then the pattern of coronary artery disease in 
patients with rupture of the left ventricular free wall 
should be similar—data from necropsy studies sup- 
port this view.’ In 20 cases postmortem angiography 
showed a recent occlusion in a coronary artery with 
no collateral circulation to the infarct territory. 

Doppler echocardiography is a reliable method for 
the diagnosis of ventricular septal rupture after 
myocardial infarction and it has been suggested that 
invasive investigation before operation might be 
unnecessary.’’'® Our results show that single vessel 
disease was more common in patients with septal 
rupture than in the comparison group. But half of the 
septal rupture group did have disease in the non- 
infarct related vessels (30% two vessel disease, 21% 
three vessel disease) of sufficient severity to be 
considered for aortocoronary bypass grafting. 
Establishing the diagnosis of septal rupture should 
not now require cardiac catheterisation, but coronary 
angiography remains a useful preoperative investiga- 
tion. 

This review of patients with septal rupture confir- 
med our initial clinical impression that most cases 
occurred in elderly patients with single vessel dis- 
ease, total occlusion of the infarct vessel, and no 
collateral support to a large area of infarction. The 
angiographic appearance was different from that seen 
in a stable group of patients who were also assessed 
soon after infarction. 
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Cigarette smoking and non-fatal myocardial 
infarction in women: is the relation independent of 
coronary artery disease? 


DAVID S FREEDMAN,*€ HARVEY W GRUCHOW,* JOHNA WALKER,t 
STEVEN J JACOBSEN,* ALFRED J ANDERSON,t KATHLEEN A SOBOCINSKI,* 
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From the * Division of Biostatistics and Clinical Epidemiology, and §Department of Pharmacology and 
Toxicology, Medical College of Wisconsin; and tCardiology Section, and {Cardiovascular Disease Data 
Registry, St Luke’s Hospital; and ||Milwaukee Veterans Administration Medical Center, Milwaukee, 
Wisconsin, USA 


SUMMARY The relation of cigarette smoking to both coronary disease and non-fatal myocardial 
infarction was examined in a cross sectional study of 1053 women who underwent coronary 
arteriography. As compared with the 489 women who had never smoked cigarettes, ever-smokers 
(mean duration of smoking, 25 years) were 1-6 times as likely to have significant stenotic disease and 
were 1-9 times as likely to have suffered a myocardial infarction. These associations were strongest 
in women under 50 years of age, with odds ratios of 3-5 for coronary artery disease and 4:5 for 
myocardial infarction. Although the extent of stenotic disease and prior myocardial infarction were 
strongly associated, women who smoked cigarettes remained at increased risk of a myocardial 
infarction even after their increased coronary artery disease had been taken into account. For 
example, heavy smokers (> 30 pack-years) were 2-3 times as likely to have had a myocardial 
infarction as were non-smokers; controlling for the extent of stenotic disease (in addition to age and 
other risk factors) reduced the estimated relative risk to only 1-9. Stratified analyses showed that 
this increased risk for clinical disease among smokers was evident at all levels of occlusion, even 
among women with minimal stenotic disease. These results, collected at the time of arteriography, 
suggest that non-atherogenic mechanisms may be important in the aetiology of myocardial 
infarction among women who smoke cigarettes. 


Cigarette smoking is widely recognised as an impor- 
tant risk factor for coronary heart disease in men, 
with the risk of myocardial infarction and sudden 
death increasing with the number of cigarettes 
smoked daily.'* Recent case-control t and cohort*’ 
studies have also reported an increased risk of 
coronary heart disease among female smokers. In 
general, women who smoke cigarettes are two to four 
times as likely to develop clinical disease as are non- 
smokers, with younger women and those smoking 
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more than one pack daily showing the greatest 
increase in risk.’ *’ 

It is uncertain, however, whether the excess cor- 
onary heart disease among smokers is caused by more 
extensive coronary atherosclerosis. Although 
cigarette smokers have an atherogenic lipoprotein 
profile, their increased mortality from cardiovascular 
disease is independent of lipid concentrations.’ In 
addition, smokers do not consistently show increased 
coronary atherosclerosis upon pathological examin- 
ation,’ and there is a high prevalence of cigarette 
smoking among patients who have clinical evidence 
of a myocardial infarction but unobstructed coronary 
arteries.’°"' Therefore, non-atherogenic mechan- 
isms, such as nicotine and carboxyhaemoglobin,” 
fibrinogen,’ “ or white blood cells,” may be involved 
in the aetiology of cardiovascular disease among 
smokers. 
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Because it gives information on both coronary 
artery disease and previous non-fatal myocardial 
infarction, coronary arteriography provides a unique 
opportunity to assess the importance of occlusive 
disease and non-atherogenic factors in the develop- 
ment of coronary heart disease.’ For example, we 
have shown that even after controlling for the extent 
of coronary occlusion, “‘heavy” cigarette smoking 
doubles the risk for non-fatal myocardial infarction 
among men,” suggesting that smoking may be 
involved in the precipitation of a myocardial infarc- 
tion rather than in the development of atherosclero- 
sis. Previous arteriography studies examining the 
relation of cigarette smoking to coronary artery 
disease have yielded conflicting results, ranging from 
a strong, positive association” to a non-significant, 
negative relation.” 

Because smoking may account for over a half of all 
coronary heart disease in women below the age of 
55,7 it is important to elucidate the possible mechan- 
ism(s) of this association. Therefore, the current 
study uses data collected at the time of arteriography 
to examine the relation of cigarette smoking to non- 
fatal myocardial infarction. The object was to deter- 
mine whether the increased risk of myocardial infarc- 
tion among female cigarette smokers is attributable to 
increased stenotic disease. 


Patients and methods 


POPULATION AND DISEASE STATE 

The Milwaukee Cardiovascular Data Registry con- 
sists of patients referred to two Milwaukee hospitals 
(St Luke’s and the Milwaukee Veterans Administra- 
tion Center) for diagnostic coronary arteriography. 
Although selection of patients for coronary 
arteriography varies,” criteria include (a) unstable 
angina pectoris, (6) moderate to severe stable angina, 
(c) recurrent chest pain of unknown origin, and (d) 
previous myocardial infarction or coronary artery 
bypass surgery. The present analyses are restricted to 
a subset of the 1627 white women who underwent 
arteriography between 1972 and 1986, and for whom 
concentrations of total cholesterol and triglycerides 
were measured. Other races represented <5% (n = 
95) of all female patients and were therefore 
excluded. 

The extent of obstructive disease was evaluated, 
without knowledge of msk factor data, by a radi- 
ologist and cardiologist experienced in the 
interpretation of arteriograms. Although the 
reproducibility of these readings was not assessed, 
the degree of observer variability” and disagreement 
with postmortem pathology findings” is known to 
be moderate. 

Reductions in lumen diameter caused by the most 
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severe stenosis in the left main, left anterior descen- 
ding, circumflex, and right coronary arteries were 
estimated, and results were incorporated into an 
occlusion score reflecting the overall severity of 
coronary artery disease. As previously reported '’* a 
scale suggested by Rowe et a/™ was inverted, with 0 
representing ‘“‘no observed narrowing of any artery,” 
and a score of 300 indicating “total occlusion of the 
major vessels.” (The mean occlusion score was 77.) 
The number of diseased vessels was also recorded: a 
275% narrowing of the left anterior descending, 
circumflex, and right coronary arteries was regarded 
as clinically important. 


INFORMATION ON RISK FACTORS 

Medical records and questionnaires were used to 
obtain data before arteriography on smoking history, 
weight, height, alcohol consumption, medication 
use; and histories of hypertension, angina, diabetes 
mellitus, and previous myocardial infarction. 
Women were excluded from the analyses if they 
reported use of thyroid or cholesterol-lowering 
medication, oral contraceptives, sex hormones, or 
had hypothyroidism or hyperthyroidism. These res- 
trictions eliminated 558 patients, with use of sex 
hormones accounting for the largest category (n = 
265) of exclusions. For the remaining 1069 
(1627 — 558) women, reported intake of beer, wine, 
and mixed drinks was converted to ml of absolute 
alcohol per week. The body mass index (kg/m°) was 
used as an estimate of obesity for each woman. 

After an overnight fast, blood samples were collec- 
ted before arteriography. Plasma concentrations of 
total cholesterol and triglycerides were measured by 
automated procedures” in a laboratory that has 
been standardised (and is monitored) by the Centers 
for Disease Control. Concentrations of high density 
lipoprotein cholesterol were first measured in 1977; 
261 women had recorded concentrations of this 
lipoprotein fraction. 


CIGARETTE SMOKING 

The cigarette smoking category (current/past/never) 
of 1053 women could be determined through ques- 
tionnaire. Past (n = 374) and current (n = 190) 
smokers showed similar levels of (a) most rısk factors, 
(b) coronary artery disease, and (c) the prevalence of 
prior myocardial infarction. Because many of the ex- 
smokers were likely to have stopped smoking after a 
myocardial infarction (the year of stopping was not 
known), most analyses contrasted ever-smokers with 
never-smokers. (Certain analyses, however, separ- 
ated the ever-smokers into past and current 
smokers.) Data on the duration (years) of cigarette 
smoking and the approximate number of cigarettes 
smoked daily (<5, 10, 20, 30, or > 40) were available 


_Smoking and myocardial infarction in women 

for 521 of the 564 women who reported that they had 
ever smoked. These data were used to calculate pack- 
years by multiplying the usual number of packs 
smoked daily by the number of years of smoking. Of 
women who reported that they had ever smoked, the 
median duration of smoking was 26 years; 84% had 
smoked for > 10 years. 


HISTORY OF NON-FATAL MYOCARDIAL 
INFARCTION 

A history of myocardial infarction for each patient 
was also obtained through a questionnaire adminis- 
tered before catheterisation. The specific question 
was, “Has your doctor ever said that you have had a 
heart attack?”’; 334 (32%) women reported that they 
had suffered a heart attack. 

‘The accuracy of these responses was not validated 
for these women, and false positive and false negative 
responses were probably reported.” ? None the less, 
a previous study from the Milwaukee Cardiovascular 
Data Registry found that 93% of self-reported 
myocardial infarctions among 465 men who under- 
went a coronary bypass operation were confirmed by 
data in their medical records.” 


STATISTICAL ANALYSES 

Mean values of cigarette smoking and other risk 
factors were first contrasted according to the myocar- 
dial infarction state and the number of diseased 
vessels (0 v > 1). The relation of cigarette smoking to 
both stenotic disease and myocardial infarction was 
then assessed in three age groups (<50, 50-59, and 
260 years), and odds ratios were calculated as 
estimates of relative risk. The relative importance of 
smoking duration versus daily consumption in the 
relation of smoking to myocardial infarction was 
evaluated by logistic regression with indicator 
variables representing three levels of each exposure 
variable. 

We then examined the independent relation of 
cigarette smoking to myocardial infarction by con- 
trolling for the extent of coronary artery disease. The 
occlusion score was categorised into five groups, and 
the association between smoking and myocardial 
infarction was examined within each stratum. 
Results were summarised over the strata using 
Mantel-Haenszel odds ratios, and the Mantel exten- 
sion was used to test for a trend.” 

The relation of pack-years (number of packs 
smoked per day x duration of smoking) to myocar- 
dial infarction was then assessed by logistic regres- 
sion. Predictor variables in the various models 
included: (a) pack-years only; (b) pack-years and the 
occlusion score; and (c) pack-years, occlusion, and 
other risk factors. (The extent of coronary artery 
disease was treated as a risk factor for myocardial 
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infarction in these last two models.) To avoid as- 
sumptions about the shape of the association between 
pack-years and myocardial infarction,’ dummy 
variables (representing categories of pack-years) 
were used in these analyses.” Logistic regression 
models were also used to assess possible differences 
in the relation of cigarette smoking to myocardial 
infarction between past and current smokers. 


Results 


Mean values of several characteristics were first 
examined according to reported smoking state 
(never/past/current) before arteriography (data not 
shown). Despite a higher prevalence of hypertension 
among women who had never smoked, non-fatal 
myocardial infarctions were more common among 
both ex-smokers and current smokers, with esti- 
mated relative risks of 2:1 and 1-6, respectively. In 
addition, mean occlusion scores were approximately 
25 points higher among both ex-smokers and current 
smokers than among women who had never smoked. 
Current (but not past) smokers also had slightly 
lower values of body mass index than did women who 
had never smoked (25:1 v 26:2 kg/m’) and both 
current and past smokers had raised concentrations 
of triglycerides (1-81 and 1-90 v 1-67 mmol/l) (161 
and 168 v 148 mg/dl) and alcohol intake (69 and 118 v 
44 ml/week). Because past and current smokers 
showed similar (a) risk factor values, (b) amounts of 
coronary artery disease, and (c) risk of previous 
myocardial infarction, most analyses contrasted 
ever-smokers (n = 564) with never-smokers (n = 
489). 

We then examined differences in risk factor values 
according to non-fatal myocardial infarction and 
clinically important occlusive disease (table 1). The 
two variables were strongly related: the mean 
occlusion score was approximately twice as large (117 
v 58) among women who reported a myocardial 
infarction as in other patients. In general, however, 
risk factors were more strongly related to coronary 
artery disease. For example, concentrations of total 
cholesterol were 0-7 mmol/l (27 mg/dl) higher in 
women with occlusive disease than in those with no 
diseased vessels, but the difference between those 
with and those without a history of myocardial 
infarction was only 0-2 mmol/l (6 mg/dl). Smoking 
state (ever v never), triglyceride concentrations, 
hypertension, and diabetes were the only characteris- 
tics significantly related to both coronary artery 
disease and myocardial infarction. 

Women who had smoked cigarettes had a higher 
mean occlusion score than non-smokers (91 for ex- 
smokers, 79 for current smokers, 65 for never- 
smokers) and were 1-6 (current) to 2:1 (past) times as 
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Table 1 Mean (SD) values of selected variables ın women according to previous myocardial infarction and coronary artery 





disease 
Previous myocardial infarction Number of diseased vesselst 
No {n = 719) Yes {n = 334) 0 (n = 634) eI (n= 419) 
Occlusion score 58 a 117 oo 17 G $k 169 halal 
Age (years) 56 (10 57 oO 55 11)** 58 (9)** 
Ever-smoked (%) 49%* 64** 49** 61** 
% smoking > 30 yearst 44 49 3g** 54rk 
> 1 pack per dayt 24 28 22 30 
Toral cholesterol Crag 60 (1:3) 62 (2 3) 58 (1 2)** 65 (1 3)** 
Talg ycerides (mmol/T 17, oO RA 20 Q1» 16 8 gyrr 2-1 (1:3)** 
cholesterol A DS 12 (04 11 (03 1 0 4)** 10 G Ha 
Body mass index (kg/m?) 260 2) 261 (4B) 259 (5 5) 26-3 44 
Alcohol intake (ml/wk) 68 139) 54 (90) 67 (125) 59 (128) 
History of 
Angina (%) 60 67 56** 73** 
Hypertension (%) 46* 55* 44** ST** 
Diabetes (%) 7** 13** Gtk 13** 
HDL, high density lipoprotein. 


p values compare mean concentration (or proportions) in categories of previous myocardial infarction or number of diseased vessels: *p < 


0-01; **p < 0 001. 
{Based on >75% narrowing of any vessel. 
cted to women who had ever smoked, 


cted to women with recorded concentrationns of HDL cholesterol: 187 without a myocardial infarction, 74 with a myocardial 
infarction, 154 without coronary artery disease, and 107 with coronary artery disease. 


likely to have suffered a myocardial infarction. These 
increased risks, however, varied with age (table 2). 
Among women under 50 years of age, smoking was 
strongly related to both coronary artery disease (odds 
ratios of 3-6 (past) and 3-3 (current)) and non-fatal 
myocardial infarction (odds ratios of 5-0 and 4-1). In 
contrast, all estimated risks were <2 among women 
who were 250. 

Table 3 shows the relation of cigarette smoking to 
myocardial infarction after controlling for the extent 
of coronary artery disease by stratification. Although 
many of the cells contain small numbers, 13 of the 15 


odds ratios for daily cigarette consumption were > 1 
and 11 of the odds ratios for smoking duration were 
>1. Even among women with minimal stenotic 
disease (occlusion score <50), the risk of myocardial 
infarction was increased almost twofold among 
women who smoked >1 pack daily. Mantel- 
Haenszel summary odds ratios showed that after 
controlling for occlusive disease, cigarette smoking 
remained significantly associated with myocardial 
infarction. Furthermore, most adjusted odds ratios 
were very similar to estimates that did not take the 
extent of coronary artery disease into account. 


Table 2 Relation of cigarette smoking to coronary artery occlusion and non-fatal myocardial infarction 





$ Number of diseased vesselst Myocardial mfarction 
Age mo: EE a 
group (yr) state (No) 0 1 2 3 Odds ranot No Yes rato 
<50 Never (97) 82 9 3 3 85 12 
Past (75) 4 16 10 4 3 Grk “4 3l 5 grw 
(79) 49 20 7 3 3 Jrk 50 29 4 see 
50-59 Never (176 127 3 12 7 131 45, 
Past (16 4 #37 B nu 20** 107 58 16 
Current (63) 3 15 6 3 16 4716 10 
>60 Never ; go u 49 B B 153\ 63 
Past 134) 57 373 B R 16* 3 å 6l 1-9** 
Ever (48) 2 8 10 5 Ll 27 19 16 
Overall Never (489) 325 88 43 33 369 120 
Past (374) 19% 90 61 27 1-Bx** 224 150 2-18 
Current (190) 1m3 8 BZ H 14 126 64 1-6* 





*p < 005; **p < 001; ***p < 0-001. 


{75% narrowing of the eft mntezior circumflex, or right 


descending, coronary arteries. 
vesse) disease with > 1 vessel disease; the reference categories (odds ratio = 1) are never-smokers. 
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Wable3 Relation of cigarette smoking ın woment to non-fatal myocardial infarction (stratified by the occlusion score) 
Coronary artery occlusion category : 
0-49 50-99 100-149 150-199 > 200 Summary ORs 
Myocardial — SS —————— _———— ere 
tfarction: No Yes(OR) No Yes (OR) No Yes (OR) No Yes (OR) No Yes (OR) Unadjusted Adjusted} 
Yon-smokers 241 43 42 18 35 11 23 20 28 28 
~*acks/day. 
<1 7 14 (li 4 nB (22) MW 16 (46* 8 10 4 l4 14 (10 17** 16* 
1 81 18 (12 6 9 a 5)* 10 13 (41)** 13 13 (11 15 19 Ta 1-8** 1-6* 
>1 35 12 ie 14 9 (1 5) 12 14 (37)* 8 14 (20) il 9 (0-8 22** 18** 
Duration (years). 
1-20 47 19 (14) 14 6 (10) 4 4 2 6 3 g 0 6 12 (20) 1-4 15 
20-29 50 8 (09) 4 10 (5 8)** 11 12 * 8 14 (20 6 10 (1-7) 21** 19 
>30 64 17 (15) 16 15 (22) 18 27 (48) 15 18 (4 2 2 (0-7) 21** 16** 
JR, odds ratio. 


stratum-specific p values were computed by Fisher’s exact test. The overall association was tested by the summary odds ranio. 
'p < 005; **p < 001 
Restricted to 489 never-smokers and 521 smokers who reported both frequency and duration of smoking. 


Mantel-Haenszel 


4 


summary odds rano. 


However, the association between smoking and 
myocardial infarction decreased from 2:1 to 1-6 
among women who had smoked for more than 30 
years. 

We assessed the relative importance of smoking 
duration and daily consumption of cigarettes among 
ever-smokers (table 4). Among these women, the 
estimated risk of myocardial infarction tended to be 
more strongly related to daily consumption (with 
odds ratios increasing from 1-6 to 2-4) than to 
duration (1:1 to 1-5). Because a small independent 
effect of duration on myocardial infarction risk was 
seen, however, daily consumption and duration were 
combined to form pack-years in subsequent analyses. 

Table 5 shows the relation of pack-years to myo- 
cardial infarction in three logistic regression models. 
Mode! 1, which contains only indicator variables that 
represent the three categories of pack-years, shows 


Table 4 Cross classification of risk of myocardial infarction 
in women by duration and amount of smokmg* 








that the estimated risk of myocardial infarction 
among smokers increased from 1:5 to 2:3 with 
increasing number of pack-years. Furthermore, with 
the exception of women who had been smoking for 
230 pack-years, these associations were unaffected 
by controlling for the extent of stenotic disease 
(model 2). (Including the extent of stenotic disease as 
an independent variable, however, greatly improved 
the prediction of myocardial infarction.) Further- 
more, the effect of cigarette smoking was also 
independent of other risk factors (model 3). The joint 
contribution of eight additional risk factors in pre- 
dicting myocardial infarction was only marginally 
significant (p = 0-11). 

Additional regression models that included 
indicator variables representing (a) past v never 
smokers, and (b) current v never smokers, were then 
constructed to assess possible differences among 
ever-smokers (data not shown). Results indicated 
that controlling for the extent of coronary artery 
occlusion reduced the unadjusted odds ratios from 
2-1 to 1-9 among ex-smokers and did not alter the 


Smoking Number of packs smoked daily Adusredt odds ratio of 1-6 among current smokers. 
ie biti tari aca a 
(yr) <l I >l ratio Di ion 
1-19 13t 1-6 25 11 
H Oe ao te it The relative risk of cardiovascular disease among 
(43) (53) 37) cigarette smokers compared with non-smokers varies 
>30 a a 26 15 according to the clinical entity examined: relative 
Adjusted odds (93) (98) m risks range from 1 for angina pectoris to >10 for 
ratiot 16 15 24 sudden death. $ In addition, the excess risk of myocar- 
dial infarction among cigarette smokers drops by 
*Restricted who had eae 2 ° 
Adjusted levels for each hase ar Reve eno 50% within the first year after stopping smoking,” 


ed risk of myocardial infarction relative to non-smokers. 

‘alues have been adjusted by logismc regresmon for age, total 

cholesterol, triglycerides, alcohol intake, body mass index, and 

histories of hypertension and diabetes. Sample sze for duranon- 
amount category 18 shown in parentheses 


and despite high rates of clinical disease, cigarette 
smokers have not consistently been found to have 
increased amounts of coronary atherosclerosis.” 
Therefore, smoking may be an acute precipitant for 
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Table5 Multvariable relation* of pack-years to non-fatal myocardial infarction m women 





Modal 
1 
Predictor variable OR (95% CI) 
Pack-yearst: 
<15 15 (1-0, 2:3) 
15-29 17 (11,27) 
>30 23 (1 6, 3 4) 
Occlusion scoref 
Other risk factors§ 
Degrees of freedom 3 


— 1036 


2 3 

OR (95% CI) OR (95% CI) 

15 (10,24 16 (10,25) 

17 (11,2 1-8 (1,28) 

19 013,28 19 (13,29) 

18 (16,21) 18 (15,21) 
4 12 


—971 —958 





OR, odds ratio; CI, confidence interval. 


*Estimated by logre regression Restricted to women with recorded levels of all covariates (n = 860). 


‘The effect of each smoking category 1s estimated relative to non 


Standardised odds ratio associated with a 1 standard deviation change in the predictor variable. 
age’, total cholesterol, triglycerides, body mass index, alcohol intake, an histories of hypertension and diabetes 


coronary heart disease, possibly related to the 
development of a thrombus over an ulcerated plaque, 
rather than an influence on the progression of the 
atherosclerotic lesion. Previous case reports suggest 
that cigarette smoking can precipitate a myocardial 
infarction even among persons with minimal stenotic 
disease.!° i1 

The results of the current study, which closely 
accord with earlier findings of Hartz et al in men,” 
document the importance of these non-atherogenic 
effects in women. Overall, female patients who had 
ever smoked cigarettes were 1-9 times as likely to 
have suffered a myocardial infarction as were those 
who had never smoked. Although cigarette smokers 
also had significantly more stenotic disease than did 
non-smokers, this accounted for little of their 
increased risk for myocardial infarction; controlling 
for the extent of occlusive disease yielded an odds 
ratio (ever-smokers versus never-smokers) of 1-7. 
Controlling for coronary artery disease, however, did 
reduce the risk of myocardial infarction among 
women who had smoked for more than 30 years 
(unadjusted odds ratio = 2-1 v 1-6, adjusted). These 
results suggest that while the non-atherogenic effects 
of smoking may predominate, smoking-related in- 
creases in coronary atherosclerosis are also important 
in the aetiology of myocardial infarction among long 
term smokers. 

Although female patients undergoing arterio- 
graphy are not representative of all women with 
coronary artery disease, several of the current results 
accord closely with those from less selected popula- 
tions. Increased concentrations of triglycerides were 
seen among patients who reported smoking cigar- 
ettes. In addition, as reported by others, the relation 


of smoking to myocardial infarction was strongest in 
relatively young women,’**® and increased with the 
amount smoked daily.'?’ Results from the Lipid 
Research Clinics Follow-up Study also show that the 
effects of cigarette smoking on cardiovascular disease 
are not attributable to adverse lipid concentrations, 
and population-based studies have failed to show 
consistently increased coronary atherosclerosis 
among cigarette smokers.’ Therefore, non- 
atherogenic mechanisms may be important in the 
precipitation of coronary heart disease not only 
among persons undergoing coronary arteriography, 
but also in the general population. Coronary 
arteriography, however, provides a unique oppor- 
tunity to control for the extent of coronary atheros- 
clerosis in assessing the stage of disease at which risk 
factors act. 

In addition to the non-representativeness of 
women in the current study, however, other metho- 
dological questions should be considered in inter- 
preting these results. Because it is cross-sectional, 
risk factor values may not accurately reflect values in 
the past, and it is possible that many of the ex- 
smokers stopped smoking shortly before arterio- 
graphy, perhaps after a myocardial infarction. (This 
possibility is supported by the slightly higher risk 
associated with past, as opposed to current, smoking 
state.) To minimise this misclassification, however, 
past and current smokers were combined in most 
analyses in the current study; 90% of these ever- 
smokers had smoked for >7 years. In addition, the 
current analyses studied survivors of a myocardial 
infarction, and it is possible that the effects of 
cigarette smoking on sudden death may differ from 
those seen for non-fatal myocardial infarction. 


Smoking and myocardial infarction in women 


Inaccurate responses were also probably recorded 
for previous myocardial infarction. Although 
population surveys indicate that false positive res- 
ponses in men may exceed 20%,7” women who 
underwent coronary arteriography in the current 
study were likely to have been more familiar with 
their medical diagnoses. For example, as previously 
observed in the Milwaukee Cardiovascular Data 
Registry, only 7% of self-reported heart attacks 
among 465 men could not be confirmed by data in 
their medical records.” Furthermore, women who 
reported a myocardial infarction in the current study 
had higher triglyceride concentrations and more 
extensive stenotic disease than did other women; 
occlusion scores were 117 and 58, respectively. 
Because smokers are (a) less likely to survive an initial 
myocardial infarction,” * and (b) patients who had 
suffered a myocardial infarction might under-report 
their smoking habits, the importance of cigarette 
smoking may have been underestimated in this 
study. 

A myocardial infarction is typically caused by a 
thrombosis superimposed on a stenosed vessel, and 
therefore, risk ractors for coronary heart disease may 
act either by increasing the extent of coronary 
artherosclerosis or by precipitating the terminal 
event. There are numerous mechanisms whereby 
smoking could influence the risk of myocardial 
infarction independently of occlusive disease,” and 
even without increased coronary artery disease, the 
frequency and duration of ischaemic episodes seem 
to be greatly increased among smokers.” Cigarette 
smokers have raised white blood cell counts, and 
much evidence indicates that this is a strong predic- 
tor of myocardial infarction, possibly because raised 
counts can obstruct small vessels or injure endo- 
thelial cells.” Smoking also affects haemostatic and 
clotting factors,” and the relation of smoking to 
subsequent myocardial infarction is partly mediated 
by increased concentrations of fibrinogen among 
smokers. Other mechanisms, including the toxic 
effects of carbon monoxide and nicotine” or altera- 
tions in vessel diameter” may be involved in the 
pathogenesis of myocardial infarction among 
cigarette smokers. 

Although the specific mechanisms have not been 
documented, the current findings show the impor- 
tance of the non-atherogenic effects of cigarette 
smoking in the development of myocardial infarction 
among women. Irrespective of the extent of coronary 
artery disease, cigarette smokers are at increased risk 
for a myocardial infarction, and other findings sug- 
gest that they could quickly reduce their excess risk 
by stopping smoking.” Unfortunately, the smokers 
at highest risk are not stopping their habit at the same 
rate as are those at less risk.” Even among women 
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who undergo arteriography, a large proportion con- 
tinue to smoke. 
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Superior QRS axis in ventricular septal defect 
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SUMMARY The relation between the superior orientation of the QRS axis and the anatomical site 
of the defect in the ventricular septum in patients with a ventricular septal defect was studied. Of 
1031 patients with a ventricular septal defect, 64 (62%) had a superior axis on their 
electrocardiogram. In 59% of these patients the defect was in the inlet portion of the ventricular 
septum or affected this area. None of the cases was classified as an isolated ventricular septal defect 


of the persistent atrioventricular canal type. 


While there is an association between a superior axis and perimembranous inlet ventricular 
septal defect, a superior QRS axis does not characterise a ventricular septal defect as being of the 


atrioventricular canal type. 


Superior orientation of the QRS axis was seen in 
15% of patients with the clinical fearures of a 
ventricular septal defect! and this feature is claimed 
by some to characterise the site of the defect as likely 
to be in the posterior or inlet part of the septum.” 
More specifically, it has been suggested that a 
superior QRS axis is particularly associated with 
isolated ventricular septal defects of the “‘atrioven- 
tricular canal type”.™ 

There is difficulty in determining with certainty 
from these earlier reports whether the ventricular 
septal defects referred to were truly of the “‘atrioven- 
tricular canal type” —if they were, the high incidence 
of left axis deviation is not unexpected. On the other 
hand, Anderson et al have suggested that these 
defects are more correctly termed perimembranous 
inlet ventricular septal defects.’ 

We studied the relation between superior orienta- 
tion of the QRS axis and the anatomical site of the 
defect in the ventricular septum in patients with a 
ventricular septal defect to see whether a ventricular 
septal defect associated with a superior axis was likely 
to be of the “‘atrioventricular canal type”. 


Patients and methods 


One thousand and thirty one electrocardiograms of 
patients diagnosed as having an isolated ventricular 
septal defect who had attended the Department of 
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Cardiology at the Royal Hospital for Sick Children, 
Edinburgh, and the Paediatric Cardiology Unit, 
Southampton General Hospital, from 1970 to 1986 
were reviewed, Those having an axis of — 1° to — 180° 
were defined as having a superior orientation of the 
QRS axis.°’ 

In those with a superior axis, cross sectional 
echocardiography, Doppler studies, previous 
angiograms, or previous operation notes were used to 
identify the anatomical site of each ventricular septal 
defect. The classification of ventricular septal defects 
was based on that proposed by Soto et al® and 
modified by Sutherland er al for the echocardio-~ 
graphic diagnosis of ventricular septal defects.’ The 
angiographic differentiation of types of ventricular 
septal defects was as proposed by the Birmingham 
Alabama Group, which showed that with axial views 
an experienced angiographer can define the location, 
size, and relations of ventricular septal defects with 
high accuracy. 11 


Results 


Sixty four patients (6-2%) had a superior axis on 
their electrocardiogram, and this ranged from — 10° 
to — 100°. We were able to study 59 of these patients. 

In 25 patients the site of the ventricular septal 
defect was identified by cross sectional echocar- 
diography together with inspection of previous 
angiograms or operation notes and in 27 the site was 
identified by review of previous angiograms or 
operation notes or both. The remaining seven had 
normal cross sectional echocardiograms with no 
defect visualised nor any feature that identified a 
defect as having been present and subsequently 
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undergone spontaneous closure. A muscular ven- 
tricular septal defect was confirmed in three of these 
seven cases by Doppler study and in the remaining 
four a muscular ventricular septal defect was 
assumed to have been present because of the quality 
and site of the murmur previously heard on auscul- 
tation. 

The table shows the distribution of defects by site 
in those patients with a superior axis on their 
electrocardiogram. In one patient, in whom only 
angiographic studies were available, the defect was 
seen in the perimembranous region but it was 
impossible to define its extent because of the poor 
quality of the angiographic films. 

In three of the 32 patients who had cross sectional 
echocardiography the defect had closed by the time 
of examination. In a further 11, all with an inlet 
component to the defect, there was tricuspid valve 
tissue adhering to the margins of the defect; in all 
these patients the clinical course suggested this may 
have been a mechanism by which the defect had 
become smaller. In 34 of the 59 patients with a 
ventricular septal defect and superior axis (shown in 
the table) the defect was in or affected the inlet 
septum and in 24 patients it did not (77 = 14-30 
p < 0-001). 


Discussion 


We found that 65 (6-2%) of 1031 patients with a 
ventricular septal defect had a superior orientation of 
the QRS axis on their electrocardiogram; but Pryor 
and Blount found this feature in 15% of patients with 
a ventricular septal defect.’ In 59% (35 of the 59 
patients (table) of those with a superior orientation of 
the QRS axis the defect was in the inlet portion of the 
ventricular septum or affected this area; this includes 
one patient whose perimembranous defect was not 
clearly defined although it seemed to extend into the 


Table Dustribution of ventricular septal defect by site m 
patients with superior ortentanon of the ORS axis 





Site Number 
branous confluent 16 
Perimembranous confluent + muscular 1 
Permmembranous (extent not known) 1 
Permembranous confluent + muscular + gerbode 1 
Perimembranous inlet 15 
ee Ibranous inlet + apical trabecular + muscular 1 

t 

Permmembranous outlet 7 
Perimembranous outlet + muscular inlet 1 
Muscular inlet 4 
Muscular outlet T 
Muscular trabecular 10 
1 
Total 59 
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inlet septum. In a previous study of 280 children with 
ventricular septal defects who were classified without 
reference to the orientation of the QRS axis only 29% 
had a defect affecting or in the inlet portion of the 
septum.’ Our findings therefore suggest that in 
patients with a ventricular septal defect who have a 
superior QRS axis the defect is most likely to lie in or 
affect the inlet portion of the ventricular septum 
(e = 14:30, p < 0-001). This is perhaps not sur- 
prising in view of the proximity of the penetrating 
bundle of the atrioventricular conduction tissues to 
the inlet portion of the septum and the position of the 
branching bundle between the membranous and 
muscular septa. 

On the other hand, our study also indicated that 
the inlet ventricular septum is not affected in 41% of 
those patients with a ventricular septal defect who 
have superior orientation of the QRS axis. In these 
patients the ventricular septal defect lay in various 
sites in the perimembranous or muscular septum, 
although none was associated with a doubly commit- 
ted subarterial defect. The mechanism by which the 
superior axis is produced in those patients is 
speculative. Sharrat and Virmani found left axis 
deviation in about 1% in normal children” and 
Shinebourne et al found it in 1-6% of patients with 
acyanotic heart disease other than that caused by an 
atrioventricular canal.° Fox et al reported left axis 
deviation in 40% of patients with multiple ven- 
tricular septal defects but did not describe the site of 
the defects in these patients nor were they able to 
offer any clear explanation for the high frequency of 
left axis deviation that they found.” 

None of the patients was classified as having an 
isolated ventricular septal defect of the persistent 
atrioventricular canal type. Neufeld et al described 
15 patients with a ventricular septal defect in whom 
the defect appeared to occupy a position similar to 
that of the ventricular component of a persistent 
common atrioventricular canal.’ In all 15 patients the 
electrocardiographic findings were striking in that 
the mean QRS axis lay above the isoelectric point. 
Their’s was a necropsy study with 15 (5%) of 300 
ventricular septal defects being classified as the 
atrioventricular canal type. 

It might seem surprising therefore that we did not 
identify any defects of the type reported by Neufeld 
et al. This difference may be apparent rather than 
real. Anderson et al suggested that the term 
“atrioventricular canal type of ventricular septal 
defect?” is confusing, particularly when used to 
describe defects that they believe are more correctly 
termed “‘perimembranous inlet ventricular septal 
defects.”* They emphasise that the defects often 
referred to in published reports as isolated ven- 
tricular septal defects of the atrioventricular type 
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have none of the characteristics of the anomalies 
grouped together as atrioventricular septal defects. 

We accept that some perimembranous inlet defects 
show the signs of atrioventricular defects, but no 
patient in our study had such features and we agree 
with the opinion that “isolated atrioventricular canal 
defect” is rare (Soto et al," Becker and Anderson"). 

A superior QRS axis therefore does not character- 
ise a ventricular septal defect as being of the atrioven- 
tricular canal type. While there is an association 
between a superior axis and perimembranous inlet 
ventricular septal defect, almost half of all patients 
with such an axis will have the defect at a site other 
than the perimembranous inlet septum. 
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Doppler flow characteristics in the assessment of 
pulmonary artery pressure in ductus arteriosus 
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SUMMARY The Doppler spectral pattern of flow through the ductus arteriosus was studied in 117 
patients. In 37 who underwent catheterisation, Doppler records and aortic and pulmonary artery 
pressure were available (21 simultaneously with two catheters) for review while the others had 
surgical ligation of the duct on the basis of the results of non-invasive tests. Four flow patterns were 
obtained: (a) continuous flow, maximum velocity in late systole with gradual fall throughout 
diastole; (b) continuous flow, high systolic flow with rapid fall to a very low early diastolic velocity 
maintained throughout diastole; (c) continuous low velocity, maximum in late diastole; and (d) 
bidirectional flow. Flow pattern (a) was associated with normal or slightly raised pulmonary artery 
pressure; (b) with raised pulmonary artery pressure; and (c) and (d) with pulmonary artery pressure 
at systemic values. Comparison of the Doppler and measured pressure differences between the 


great arteries was reasonably good for peak values but poor for the trough readings. 

Doppler ultrasound clearly showed ductal flow; the flow pattern gave an indication of the 
pulmonary artery pressure, but pressure measurement by application of the Bernoulli equation to 
the flow velocities cannot yet be regarded as reliable. 


The diagnosis of ductus arteriosus is usually readily 
apparent on clinical examination but may be difficult 
where the murmur is obscured by another louder one 
or is unrecognisable or atypical because of pulmon- 
ary hypertension’; and echocardiography is of 
limited value in confirming its presence.’ In addition, 
where expertise in surgery of infants is not available 
patients may not undergo ductus ligation routinely 
until after the second year of life; it is then essential to 
be able to assess the pulmonary pressure to select 
those who need earlier closure. Doppler ultrasound 
has the potential to show and measure the velocity of 
ductal flow and may thus be of practical value in 
patient management by determining the pulmonary 
artery pressure or confirming the diagnosis where 
there is difficulty with either clinical or echocardio- 
graphic assessment. 

Ductal flow can be shown with pulsed? and contin- 
uous wave‘ Doppler; and colour Doppler flow map- 
ping’ outlines the ductus when it is difficult to image 
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with echocardiography. In most cases a signal show- 
ing continuous flow throughout the cardiac cycle is 
clearly recognised, but the flow pattern may be 
atypical when the usual pressure differences between 
the great arteries do not occur. It has been reported 
that the flow pattern changes with pulmonary artery 
hypertension’ and that the pulmonary pressure can 
be predicted from the application of the Bernoulli 
equation’ to the ductal flow velocity. While one 
recent study reported difficulties in determining the 
pressure drop between the great arteries? from the 
Bernoulli equation, another found this to be satisfac- 
tory.” Although these studies reported on a total of 55 
individuals only six were investigated with dual 
catheter pressure measurements and no attention was 
given to the possible differences between the peak to 
peak and trough to trough and instantaneous maxi- 
mum and minimum pressure differences. 

We found that pulmonary pressure cannot always 
be predicted reliably and that the flow patterns may 
be of more value for assessing pulmonary pressure. 
Thus we now report our experience with Doppler 
ultrasound in patients with a ductus arteriosus 
undergoing cardiac catheterisation or surgical liga- 
tion, with particular reference to the difference 
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between the instantaneous and peak to peak 
measured pressures, the variability in the spectral 
flow patterns, and the use of the spectral signal to 
attempt to calculate the pulmonary artery pressure 
by the application of the Bernoulli equation. 


Patients and methods 


Patients with a ductus dependent circulation such as 
preductal coarctation were excluded. Between 
August 1985 and September 1988, 159 other patients 
(aged two days to 14 years) with a ductus arteriosus 
underwent either cardiac catheterisation (40) or 
direct surgical closure (119) on the basis of clinical 
and non-invasive studies. 

The Doppler spectral recordings and pulmonary 
arterial and aortic pressures at catheterisation were 
available for review in 37 children (aged two days to 
15 years, mean 3-5 years). The pressures were 
measured through fluid filled catheters attached to 
strain gauge transducers that were initially matched 
as closely as possible with both catheters in the same 
chamber. Pressures were measured through two 
catheters (21) or by withdrawal of a single catheter 
(16) from the descending aorta to the main pulmon- 
ary artery. In three in whom an arterial approach was 
used for the second catheter the aortic pressure was 
measured with it in the arch; a second venous 
catheter was passed through the pulmonary artery 
into the descending aorta in the others. The Doppler 
study was performed simultaneously with the pres- 
sure recordings in 27, including 20 studied with two 
catheters. 

Of these 37, 16 had an isolated ductus arteriosus, 
three a recanalised ductus, seven a ventricular septal 
defect, two mitral valve disease, two an atrial septal 
defect, two peripheral pulmonary artery stenosis, one 
cardiomyopathy, one a right ductus arteriosus, one a 
pulmonary artery sling, one aortic stenosis, and one 
an atrioventricular canal with total anomalous pul- 
monary venous drainage. 

Thirty of those not catheterised were preterm 
infants with respiratory distress syndrome, and 
Doppler studies were not routinely performed; they 
have not been considered in the analysis of the 
results. Doppler records were available in 80 of the 89 
other patients. 

Thus simultaneous Doppler and catheter data 
were available in 27 (20 measured with two cath- 
eters), non-simultaneous Doppler and catheter data 
in 10, and Doppler measurements alone in 80 under- 
going operation without catheterisation. Dual cath- 
eter pressures were available in 21, in one of whom 
simultaneous Doppler data were not available. 

The early Doppler studies were performed with a 
non-imaging Alfred velocimeter (Vingmed) inter- 
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faced to a Doptek spectrum analyser and later ones, 
after January 1987, with a Vingmed CFM 700 system 
with imaging and colour flow mapping. With imag- 
ing and colour Doppler a short axis view of the great 
arteries was used and the beam was aligned in the 
distal main pulmonary artery where ductal flow was 
apparent. Because the maximum velocity signal may 
be obtained from another site we sought it from the 
first, second, and third left interspaces and the 
suprasternal notch, using the stand alone transducer 
when necessary. With the non-imaging system the 
signal was usually obtained easily with continuous 
wave Doppler and the stand alone transducer by 
interrogating the same positions. The maximum and. 
minimum frequency shifts were measured from the 
Doppler signal. From these we derived the maximum 
and minimum velocities (V) and estimated the pres- 
sure drops (P) from the modified Bernoulli formula, 
P= 4V. 

Of the 117 available Doppler studies the stand 
alone system was used in 48 (25 undergoing catheter- 
isation) and the duplex colour flow system in 69 (12 
undergoing catheterisation). 

The spectral tracings were analysed to review both 
the timing and patterns of the signals in systole and 
diastole. The maximum velocity in systole and the 
minimum velocity in diastole were then measured 
and the maximum and minimum pressure differen- 
ces between the great arteries calculated by the 
modified Bernoulli equation.” The Doppler and 
catheterisation pressure gradients between the great 
arteries were then compared for both the maximum 
pressure differences in systole and the minimum 
differences in diastole, the differences between them 
being analysed by the method of Bland and Altman.” 
Study of the waveforms suggested that higher pul- 
monary artery pressure was associated with an 
increase in the ratio of the systolic to diastolic fow 
velocity. Thus in addition to measuring this ratio 
with Doppler, we also calculated the ratio from the 
measured pressure differences by translating their 
values in mm Hg into m/s, as would be measured 
with Doppler if the Doppler and catheter gradients 
were exactly equal. 

The pressure tracings were also analysed to 
measure the instantaneous maximum and minimum 
gradients and to compare them with peak to peak and 
trough to trough gradients respectively. 


Results 


PRESSURE MEASUREMENTS AT 
CATHETERISATION BY TWO CATHETERS 

Three infants in whom the differences between the 
aortic and pulmonary pressures was greatest in 
diastole when they were studied with two catheters 
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(see figs 3 and 4) were excluded in this analysis. In the 
other 18 studied with two catheters the peak to peak 
gradients in systole ranged from 28 to 116 mm Hg 
and instantaneous ones from 34 to 124 mm Hg. The 
difference was greater than 10mm Hg in only two (14 
and 16 mm Hg) with mean (2 SD) of 6-7 (8-3). 
Similarly the trough to trough gradients in diastole 
ranged from 0 to 83 mm Hg and the instantaneous 
minimum from 0 to 79 mmHg. The maximum 
difference was 11 mm Hg with mean (2 SD) of 5:6 
(7:2). 


DOPPLER FLOW PATTERNS IN CATHETERISED 
PATIENTS 

The flow patterns in the 37 patients showed variation 
in the timing of and relative values of the maximum 
and minimum velocities in systole and diastole. 
Inspection of the tracings showed four different flow 
patterns: 


(a) Continuous flow: maximum velocity in late systole 
with a gradual fall throughout diastole (26 of the 37) 
The ductus arteriosus signal characteristically 
showed continuous flow (fig la) with maximum 
velocity in late systole, ranging from 3-3 to 4-7 (mean 
4:1) m/s, equivalent to a gradient of 44 to 88 mm Hg. 
The velocity signal then fell gradually to its lowest 
value just after the R wave, often showing an abrupt 
dip before the rapid rise to its maximum. The lower 
velocity was still clearly discernible, being above 1-5 
m/s, ranging from 1:5 to 3-5 (mean 2-5) m/s, equiva- 
lent to a pressure drop of 9-50 mm Hg. The ratio of 
systolic to diastolic velocities was from 1-3 to 2:4 
(mean (SD) 1-6 (0-3)) (two of 2-4 others <2: 1). These 
patients had a relatively high pressure difference 
between the great arteries throughout the cardiac 
cycle (fig 1a): the pulmonary artery systolic pressure 
was <50 mm Hg (20-30 in six, 31-40 in 17, 41-50 in 
three, and the diastolic pressure was <30 mm Hg (0- 
10 in five, 11-20 in 15, 21-30 in six). 


(6) Continuous flow: high systolic velocity with rapid 
fall to a very low early diastolic velocity that was 
maintained throughout diastole (seven of the 37) 
The systolic signal was of relatively high velocity 
(equivalent to a pressure difference of 16-50 mm Hg) 
falling rapidly at end systole to a relatively low 
velocity (< 1-0 m/s) that was maintained throughout 
diastole (fig 2a). The measured pressures in diastole 
in the aorta and pulmonary artery were virtually 
equal (fig 2b). Pulmonary systolic pressures were all 
> 50 mm Hg (52-88 mm Hg) and the diastolic ones 
above 30 mm Hg (32-51 mm Hg). The ratio of 
systolic to diastolic velocities ranged from 2:0 to 5-0 
(mean (SD) 3-4 (1-1)) (one of 2-0 others > 2:9). 
Consideration of the 33 with flow patterns a and b 
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Fig 1 Records from a patient with normal pulmonary 
artery pressure. The continuous wave (CW) Doppler 
signal (a) shows velocity reaching a maximum in late 
systole and falling to a minimum just after the R wave. The 
pressure record (b) shows that the pressure difference 
between the arteries mirrors this pattern and remains 
relatively large throughout the cardiac cycle. Note the 
difference between the instantaneous maximum and 
minimum gradients and the peak to peak and trough to 
trough values, 


showed that all but one of the 27 with a ratio of < 2-5 
had a pulmonary pressure of <50 mm Hg in systole 
and 30 mm Hg in diastole, and all six with a ratio 
> 2-8 had pressures >50 and 30 mm Hg during 
systole and diastole respectively. When the catheter 
gradients in mm Hg were translated into velocity in 
m/s and the ratio calculated it was <1-6 in all with 
pulmonary pressure < 50/30 mm Hg and higher than 
this in the seven with higher pulmonary pressure 
(1-7, 1-9, 2-5, 2-9, 3-1, and infinity in two). 


(c) Continuous low velocity flow, maximum in late 
diastole 

In one infant with a ventricular septal defect and 
ductus arteriosus the spectral signal showed contin- 
uous low velocity flow but with the maximum 
velocity (1-6 m/s) late in diastole and the minimum 
one at end systole (fig 3a). Simultaneously measured 
pressures (fig 3b) showed a raised pulmonary pres- 
sure (60/20 mm Hg) with the pressure difference 
between the great arteries altered such that it was 
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Fig2 Records from a patient with raised pulmonary artery pressure. The signal 
of continuous wave Doppler (a) shows maximum velocity in late systole and falls 
rapidly to a relatively low diastolic velocity, which also reaches its minimum just 
after the R wave. The pressure record (b) shows that the pressure difference 
between the arteries mirrors this pattern being high in systole but virtually absent in 


diastole. 


greatest in late diastole and early systole, and least in 
mid to late systole. 


(d) Bidirectional flow 

In three infants with pulmonary artery pressure at 
approximately systemic values the Doppler signal 
showed bidirectional flow—from the pulmonary 
artery to the aorta in systole and in the opposite 
direction in diastole. At catheterisation two had 
pulmonary artery hypertension (equivalent to sys- 
temic pressure) with ventricular septal defects (mul- 
tiple in one) and large left to right shunts. Doppler 
showed flow from the pulmonary artery to the aorta 
for a short time in systole, with aorta to pulmonary 
artery flow throughout the rest of the cardiac cycle 
(fig 4a) and in the infant studied with two catheters 
simultaneous pressure recordings (fig 4b) showed 
that pressure in the pulmonary artery was higher 
than in the aorta for a short time in mid systole; 
pressure in the aorta was higher for the rest of the 
cardiac cycle. In the third, a two day old infant with 
dilated cardiomyopathy catheterised to exclude an 
anomalous coronary artery, flow from the pulmonary 
artery to aorta measured by Doppler lasted almost as 
long as flow from the aorta to pulmonary artery. The 
pressure tracing during withdrawal of the catheter 
indicated that the pulmonary artery pressure was 
higher in systole and lower in diastole than that in the 
aorta; this Doppler appearance is similar to that in 


other patients with persistent fetal circulation who 
cannot be included in this series. 


DOPPLER WAVEFORMS IN PATIENTS WHO WERE 
NOT CATHETERISED 

Of the 80 patients in whom Doppler studies were 
available the waveform showed a slow fall with a 
relatively high diastolic velocity in 71 (as in fig 1), 
while eight showed a sharp fall with a low velocity 
throughout diastole (as in fig 2) and one showed 
bidirectional flow. 


COMPARISON OF DOPPLER AND SIMULTANEOUS 
MEASURED GRADIENTS 

The three infants with pulmonary to aortic flow in 
systole (fig 4) were excluded in this assessment, 
leaving a total of 24 patients studied at catheterisa- 
tion. In 18 of those dual catheter studies were 
performed and instantaneous gradients could be 
measured. 

The method of Bland and Altman” showed that 
the difference between the Doppler and peak to peak 
maximum gradients (n = 24) ranged from — 20 to 22 
mm Hg with mean (2 SD) of 1-6 (24-1) mm Hg (fig 5, 
top), while the difference between the minimum and 
trough values ranged from — 40 to +9, mean — 13-6 
(24-9) mm Hg (fig 5, bottom). When Doppler values 
were compared with instantaneous maximum values 
(n = 18) the mean (2 SD) was —7-9 (30-6) and 





compared with instantaneous minimum values it was 
— 11-3 (28-1). 


Discussion 


We found that Doppler ultrasound always detected 
ductal flow. It is important to be aware of the 
different waveforms found when pulmonary pres- 
sure is abnormal, because patients with an atypical 
murmur have the less common waveforms, and it is 
these patients in whom clinical examination may be 
uncertain. The most common signal (fig 1) is contin- 
uous, but the signal may have a sharp late systolic fall 
with a very low velocity throughout diastole (fig 2), a 
higher diastole than systolic velocity (fig 3), or show 
bidirectional flow (fig 4). The continuous signal 
(type a) is likely to be associated with a low or 
moderately raised pulmonary pressure (here systolic 
<50 mm Hg and diastolic <30 mm Hg) and the 
signal with sharp fall at end systole (type b) with a 
higher pressure. This distinction is not always an 
obvious one, is to an extent subjective, and does not 
allow a clear differentiation; a type b signal may 
simply represent a non-restrictive ductus. A signal 
showing a velocity higher in diastole than systole 
(type c) or bidirectional flow (type d) indicates 
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Fig3 Records from a patient with a ventricular septal 
defect and pulmonary artery pressure at almost systemic 
values. The continuous wave Doppler signal (a) shows 
maximum velocity in late diastole and falls to its minimum in 
mid systole. The negative deflection is considered to represent 
flow in the thoracic aorta picked up by the continuous wave 
Doppler. The pressure record (b) mirrors the flow pattern, 
with a minimum difference in mid systole and a maximum one 
Just after the onset of the QRS complex. 


pulmonary systolic pressure at approximately sys- 
temic values. 

Since the waveform results from flow across the 
ductus it should reflect the pressure difference 
between the aorta and pulmonary artery, which was 
assessed by dual catheter studies in the ductus 
arteriosus by Spach et a/.'' They reported three types 
of pattern: (a) a continuous pressure drop and flow 
from the aorta to the pulmonary artery; the aortic 
pressure was higher throughout the cycle with 
maximum difference in systole and miminum at end 
diastole, just after the QRS complex; (b) bidirectional 
pressure gradient and flow (there was a pulmonary to 
aorta pressure gradient of brief duration during 
initial systole on the upstroke of the pressure curves 
or just before the peak of the aortic pressure, with an 
aorta to pulmonary gradient thereafter); (c) systemic 
circulation supplied by a ductus arteriosus with right 
to left shunt (aortic atresia) (in these ductus depen- 
dent patients there was a considerable right to left 
gradient until after the peak of the pulmonary artery 
pressure, with a left to right gradient throughout 
diastole). 

All but four of our patients had a continuous aorta 
to pulmonary artery pressure gradient and flow, with 
maximum velocity in systole. Musewe et al divided 
their patients into those with continuous flow from 
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the aorta to the pulmonary artery and those with 
bidirectional shunting.’ Spach et al did not comment 
on the pressure differences throughout the cardiac 
cycle between those with moderately raised and 
normal pulmonary artery pressure’ and the differen- 
tial suggested in this report is somewhat subjective. 
The ratio of maximum to minimum pressure 
gradient does not allow a clear distinction between 
high and low pulmonary artery pressure but it may be 
useful to regard a ratio of >25 as suggesting an 
important increase in pulmonary pressure although a 
lower one does not exclude an increased pulmonary 
pressure. Although the catheter studies showed a 
similar variation, a ratio of < 1-6 was associated with 
lower pulmonary pressure. In addition, calculation 
of this ratio in the 26 measurements in infants with a 
ductus arteriosus reported by Rudolph er a/' does not 
support this contention. This ratio is likely to be 
related to more complex haemodynamic findings 
than simply pulmonary artery pressure and further 
study is necessary to ascertain the true value of this 
ratio in the assessment of pulmonary artery pressure. 

The presence of pulmonary artery pressure at 
systemic values produces a different signal, possibly 
with bidirectional shunting. Musewe et al reported 
that where there was continuous left to right shunting 
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Fig4 Records from a patient with pulmonary 
hypertension and bidirectional shunting through the ductus. 
The high pulse repetition frequency Doppler signal (a) 
shows bidirectional flow while the simultaneous pressure 
record (b) shows that this corresponds to pressure 
differences between the great arteries. Modification of the 
pressure tracing (c) by plotting the aortic pressure 

10 mm Hg higher gives a tracing similar to fig 3b. 


Doppler velocity reached a maximum later in the 
cardiac cycle with increasing pulmonary artery pres- 
sure’; the example in fig 3a presumably represents 
the extreme end of this, being maximum at the onset 
of the QRS complex. Although the waveforms in figs 
3 and 4b initially seem different, study of the pressure 
signals shows that they both reflect similar pulmon- 
ary artery pressures, which are approximately equal 
to the aortic ones in systole and much less in diastole. 
Thus if the aortic pressure from fig 4b (which was 
described by Spach et al in patients with bidirec- 
tional pressure gradient and flow") is plotted about 
10 mm Hg higher (fig 4c) it gives a record similar to 
fig 3b. Patterns c and d are indications that the 
pulmonary pressure is approximately at systemic 
values, with d being the more severe, perhaps 
indicating increasing resistance. 

It has been suggested that because the aortic 
pressure can be measured with a sphygmomano- 
meter the Doppler gradient between the great 
arteries can be used to assess the pulmonary pressure 
in the ductus arteriosus.‘ This study, like that 
reported by Hiraishi et al," found considerable 
variability between the measured gradients and 
Doppler gradients in both systole and diastole. 
Because those with very high pulmonary pressure 
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Fig5 Comparison of the difference in the Doppler and 
measured peak to peak (top) and trough to trough 
(bottom) pressures agatnst the average of the measurements 
made simultaneously at the time of catheterisation. 


and abnormal flow were excluded from the analysis, 
this group is biased towards those with a relatively 
high pressure difference. But the results show both 
overestimation and underestimation, and in our 
hands the technique cannot yet be relied upon. 
Pressure underestimation may be the result of dif- 
ficulty in aligning the Doppler beam and flow 
direction and many studies were performed without 
colour Doppler guidance. Furthermore, the trans- 
ducer was adjusted to show the highest velocity 
systolic signal and the systolic and diastolic velocities 
were measured from it; it may be that an alteration in 
the flow direction in diastole resulted in a considera- 
ble underestimation of the diastolic gradient and 
particularly poor correlation in this study. In addi- 
tion in some cases the spectral signal was of low 
intensity and this may be a further source of error. 
This study indicates that Doppler ultrasound, 
stand alone spectral as well as duplex colour flow 
mapping, is a reliable means of showing the presence 
of a ductus arteriosus. It also suggests that Doppler 
may not accurately estimate the pulmonary artery 
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. pressure from the ductal flow signal. If Doppler is 
used to assess the pulmonary pressure we suggest 
that the flow pattern should be considered in addition 
to calculating the absolute pressures from the flow 
velocities. We conclude that the clinical accuracy and 
value of Doppler ultrasound in relation to other non- 
invasive means of assessing the pulmonary pressure 
are as yet unproved. 
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Health Department. 
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Cross sectional echocardiographic anatomy of 
common atrioventricular valve in atrial isomerism 
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SUMMARY The morphology of the common atrioventricular valve and its relation to the ventricles 
was assessed by cross sectional echocardiography in 17 patients with atrial isomerism—four with 
left isomerism and 13 with right isomerism. In 13 patients the atrioventricular valve consisted of 
four leaflets: a large anterosuperior leaflet, two lateral leaflets, and a posteroinferior leaflet. The 
remaining four patients had two anterosuperior leaflets. Five patients had hearts with a double inlet 
right ventricle and all of them had a rudimentary left ventricle. All the commissures were attached 
to the right ventricle. Five patients showed severe right ventricular dominance. The atrioven- 
tricular morphology in these five hearts differed from that in the patients with the usual atrial 
arrangement, concordant atrioventricular connection, and hypoplasia of the left ventricle. Only the 
anterosuperior leaflet bridged the rudimentary left ventricle, and the posteroinferior leaflet was 
tethered to the ventricular septal crest. Six patients had a biventricular atrioventricular connection 
and two of them showed mild right ventricular dominance. The atrioventricular morphology in 
these hearts was the same as that seen in the patients with usual atrial arrangement and a concordant 
atrioventricular connection. The remaining patient showed dominance of the left ventricle. Only 


the anterosuperior leaflet bridged the rudimentary right ventricle in this heart. 


Atrial isomerism is commonly associated with 
anomalies of venous drainage, atrioventricular con- 
nection, ventricular morphology, ventriculoarterial 
connection, and a pulmonary obstructive lesion.’? In 
atrial isomerism a common atrioventricular valve is 
the most frequent mode of atrioventricular connec- 
tion and the ventricular morphology is variable.* All 
types of heart with a double inlet ventricle are 
common in atrial isomerism.* A common atrioven- 
tricular valve was easily detected by cross sectional 
echocardiography in hearts with a double inlet ven- 
tricle.” The detailed echocardiographic detection of 
the position of attachment of the commissural chor- 
dae of the anterosuperior leaflets of the common 
atrioventricular valve in the hearts with the usual 
atrial arrangement and concordant atrioventricular 
connection has been reported.‘ But there is no clinical 
Requests for reprints to Dr Jun Arisawa, Department of Radiology, 
Osaka University Medical School, 1-1-50 Fukushima, Fukushima- 
ku, Osaka 553, Japan 


Accepted for publication 20 April 1989 


or pathological study to determine what part of the 
common atrioventricular valve is inserted into a 
rudimentary ventricle in a heart with a dominant 
ventricle or whether the shape of the common 
atrioventricular valve in the heart with atrial isomer- 
ism and a biventricular atrioventricular connection is 
the same as that in hearts with the usual atrial 
arrangement and concordant atrioventricular con- 
nection. 

‘We used cross sectional echocardiography to study 
the common atrioventricular valve and its relation to 
the shape and size of the ventricle in hearts showing 
atrial isomerism. 


Patients and methods 


Seventeen patients with a common atrioventricular 
valve associated with thoracic isomerism were 
examined during a two year period from 1 March 
1983 at Osaka University Medical School. Thoracic 
isomerism was identified by a plain chest radiograph 
and angiocardiography. Right isomerism was diag- 


291 


292 


nosed if the chest radiograph showed bilateral short 
main bronchi and angiography showed bilateral 
eparterial bronchi. Left isomerism was diagnosed if 
there were bilateral long main bronchi and hypar- 
terial bronchi. Atrial isomerism was confirmed by 
intraoperative examination of the atrial appendages 
in eight patients and at necropsy in two patients. The 
cardiac axis and ventricular morphology were iden- 
tified by angiography. The relation of the ventricles 
to the common atrioventricular valve was established 
by both cross sectional echocardiography and ven- 
triculography. 

The patients were examined with a Hewlett- 
Packard sector scanner 77020A and a 3-5 or 5-0 MHz 
transducer in the apical and precordial four chamber 
views, precordial short axis view, and subcostal short 
axis view. We examined the number of leaflets, 
number of papillary muscles in the left ventricle, and 
the position of attachment of each commissural 
chorda in relation to ventricular morphology and the 
position of the trabecular ventricular septum. 


Results 


We identified left isomerism in four patients and 
right isomerism in 13 cases (table). The table also 
shows the position of the cardiac apex, the atrio- 
ventricular connection, the ventricular size, and the 
ventriculoarterial connection. Two ventricles were 
identified in all the patients. A morphologically right 
ventricle was situated anteriorly in 15 patients and 
posteriorly in two (cases 12 and 17) with right 
isomerism. 
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NUMBER OF LEAFLETS 

In 13 of the 17 common atrioventricular valves four 
leaflets (anterosuperior, posteroinferior, and two 
lateral leaflets) were identified echocardio- 
graphically. Two anterosuperior leaflets were shown 
in another four patients (fig 1). 


SHAPE OF LEAFLETS IN 10 PATIENTS WITH 
CONSIDERABLE RIGHT VENTRICULAR 
DOMINANCE 

In five patients all the commissures were attached to 
the right ventricle (fig 1a and fig 2). In another five 
patients the anterosuperior leaflet bridged the 
rudimentary left ventricle, and the commissure be- 
tween the left lateral leaflet (which was situated at the 
left ventricular side) and a posteroinferior leaflet was 
attached to the ventricular septal crest (figs 1b and 1c, 
fig 3). 


ARRANGEMENT OF LEAFLETS IN SIX PATIENTS 
WITH MILD RIGHT VENTRICULAR DOMINANCE 
OR WITH BIVENTRICULAR ATRIOVENTRICULAR 
CONNECTION 

In one of the two patients with mild right ventricular 
dominance we found two anterosuperior leaflets, and 
the commissure between these leaflets was attached 
toa papillary muscle on the right ventricular aspect of 
the anterior ventricular septum (fig ld). The 
posteroinferior leaflet also bridged part of the left 
ventricle in this patient. In another patient the 
anterosuperior leaflet was free floating and both the 
anterior and posteroinferior leaflets straddled the 
interventricular septum (fig 1e). 


Table Position of cardiac apex, atrioventricular connection, ventricular size, and ventriculoarterial connection in 1 7 
patients with atrial isomerism and common atrioventricular valve. The right ventricular chamber was posteriorly positioned in 


patients 12 and 17 and anteriorly m 15 patients 


Position 

Patent Type of of 
No Age Sex isomerism cardiac apex 

1 6 month F Left Left 

2 5 yr M Left Left 

3 ll yr M Left Right 

4 2yr M Left Right 

5 6yr M Right Left 

6 iyr F Right Left 

7 8 yr M Right Left 

8 2yr F Right Left 

9 7yr M Right Left 
10 8 yr F Right Left 
11 5yr M Right Left 
12 4yr F Right Left 
13 4 mnth M Right Right 
14 lyr M Right Right 
15 3 mnth M Right Right 
16 15yr F Right Right 
7 ll yr F Right Right 


Atrioventricular connection and Ventriculoartertal 
ventricular sige connection 
Double inlet nght ventricle DORV, PS 
Biventricular A-V connection Ao from RV, PA 
Right ventricular dominance DORYV, PS 
Biventricular A-V connection Ao from RV, PA 
Double inlet right ventricle Ao from RV, PA 
Double inlet right ventricle Ao from RV, PA 
Double mlet t ventricle DORV, PS 
Right ventri dominance DORV, PS 
Right ventricular dominance DORY, PS 
Right ventricular dominance DORV, PS 
Biventricular A-V connection DORYV, PS 
Biventricular A-V connection Ao from RV, PA 
Double inlet right ventricle Ao from RV, PA 
Right ventricular dominance Ao from RV, PA 
Right ventricular dominance DORV, PS 

Left ventricular dominance TGA(1), PS 
Right ventricular dominance DORV, PS 


Ao, aorta; DORY, double outlet mght ventricle; PA, pulmonary strena; PS, pulmonary stenosis; RV, right ventricle; TGA(I1), 


uon of great arteries with left sided aorta 


Cross sectional echocardtographic anatomy of common atrioventricular valve tn atrial isomerism 
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Fig 1 Variation of the position of commissures detected by echocardiography. The leaflets of the common atrioventricular 
valve and the position of the commissures are shown in relation to the papillary muscles and trabecular ventricular septum in a 
short axis view. The right ventricle ts on the left side. The number of patients is shown in parentheses. RV, right ventricle; 
LV, left ventricle; AL, anterosuperior leaflet; PL, posteroinferior leaflet; RL, right lateral leaflet; LL, left lateral leaflet; 
TS, trabecular septum; RAL, right anterosuperior leaflet; LAL, left anterosuperior leaflet. 


In two of four patients with a biventricular 
atrioventricular connection the anterosuperior leaflet 
was free floating and both the anterosuperior and 
posteroinferior leaflets straddled the interventricular 
septum (fig 1f). In another two patients two anterior 
leaflets were shown. One of them had no com- 
missural cord between two anterosuperior leaflets 
(fig 1g, fig 4) and in the other the commissure 
between these leaflets was attached to the crest of 
interventricular septum (fig 1h, fig 5). 


MORPHOLOGY OF LEAFLETS IN A PATIENT WITH 
LEFT VENTRICULAR DOMINANCE 

The anterosuperior leaflet straddled the ventricular 
septum, and the commissure between right lateral 
and posteroinferior leaflets was attached to the 
ventricular septal crest (fig 1i, fig 6). 


Discussion 


A definite diagnosis of atrial isomerism can be made 
on the basis of the atrial morphology, especially the 
shape of the atrial appendage.’ The morphology of 
the atrial appendage can be shown by atriography’ or 
at operation. But atriography cannot be performed in 
all patients. There are only a few exceptions that 
show discordance between the thoracic situs and the 
atrial situs.’ The most reliable non-invasive method 
of diagnosis is, therefore, to show the bronchial situs 
by a plain chest radiograph.'*"? We detected bron- 
chial isomerism by showing symmetrical mam bron- 
chi in a chest radiograph in our series. The course of 
the pulmonary arteries, which was shown by cine- 
angiocardiography, was used to establish right or left 
sidedness. 
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Fig2 Echocardiograms from a six year old boy with right 
isomerism (case 5) and left sided heart. (a) Subcostal short 
axis view showing a small rudimentary ventricle (arrow) 
positioned posteriorly with no chordal insertion into this 
ventricle. (b) Precordial short axis view showing four 
leaflets, all attached to the right ventricle. 

AL, anterosuperior leaflet; PL, posteroinferior leaflet; 
RLL, right lateral leaflet; LLL, left lateral leaflet; 

CR, cranial; CA, caudal; A, anterior; P, posterior. 


Cross sectional echocardiographic identification of 
common atrioventricular valve in hearts with a 
double inlet ventricle is regarded as reliable.” ® We 
detected the cases of common atrioventricular valve 
by cross sectional echocardiography. Those with 
atresia of the left atrioventricular valve were also 
identified by cross sectional echocardiography and 
excluded from this study. Ventriculography was 
performed in all the patients and each of them had 
only one atrioventricular valve. 

The common atrioventricular valve in hearts with 
the usual atrial arrangement and concordant 
atrioventricular connection was reported to have five 
leaflets—two anterosuperior, one posteroinferior, 
and right lateral and left lateral leaflets.'* They were 





Arisawa, Morimoto, Ikezoe, et al 


classified according to the position of attachment of 
commissural chordae of two anterosuperior leaf- 
lets.'*° Cross sectional echocardiography was repor- 
ted to be the most effective method of detecting the 
detailed morphology of the common atrioventricular 
valve in terms of the description of the tethering 
position of the chordae of anterosuperior leaflets.° In 
our series, we identified four leaflets in nine of 10 
hearts with a double inlet right ventricle or showing 
considerable right ventricular dominance. A 
necropsy study of hearts with double inlet right 
ventricle showed that the valve generally has four 
leaflets.'’ Four leaflets were also shown in three of six 
hearts with biventricular atrioventricular connec- 


FROZEN 


Fig3 Echocardiograms from a 11 year old boy (case 3) 
with left isomerism and a right sided heart. (a) Short axis 
view at papillary muscle level showing a dominant right 
ventricle (RV) and a papillary muscle (arrow) in the 
rudimentary left ventricle. (b) Short axis view at 
atrioventricular valve level showing the commissure (arrow ) 
between the anterosuperior leaflet (AL) and left lateral 
leaflet (LLL) attached to the papillary muscle in the 
rudimentary left ventricle and the commissure (arrow head) 
between left lateral leaflet (LLL) and posteroinferior leaflet 
(PL) attached to the ventricular septal crest. 


Cross sectional echocardiographic anatomy of common atrioventricular valve in atrial isomerism 





Fig 4 Echocardiogram from a two year old boy (case 4) 
with left isomerism and a right sided heart. The four chamber 
view shows two well formed ventricles and a severely dilated 
atrium. The two anterosuperior leaflets ( AL) were of equal 
size. There was no chordal tethering of the commissure 
berween these two leaflets to the crest of ventricular septum or 
to a papillary muscle and the commissure was free floating. 
RV, right ventricle; LV, left ventricle; R, right; L, left; 

Al, anteroinferior; PS, posterosuperior. 


tion. It was impossible to detect another small right 
anterosuperior leaflet in the patients with a free 


floating large anterosuperior leaflet in the hearts of 
our series, as was shown in a necropsy study of 


common atrioventricular valve in hearts with the 
usual atrial arrangement and a concordant atrioven- 
tricular connection." 

In patients with two papillary muscles in the left 
ventricle and with slight right ventricular dominance 
or two well formed ventricles, the patterns of tether- 
ing of anterosuperior leaflets corresponded with 
those seen in patients with the usual atrial arran- 
gement and a concordant atrioventricular connec- 
tion—that is a free floating large anterosuperior 
leaflet, tethering of the commissure of two 
anterosuperior leaflets on to the medial papillary 
muscle, or tethering on to the crest of ventricular 
septum. 

Left ventricular dominance was seen in only one 
patient, and in this patient the anterosuperior leaflet 
bridged the right ventricle while the commissural 
chordae of right lateral and posteroinferior leaflets 
were tethered on to the crest of the ventricular 
septum. In a necropsy study of patients with domi- 
nant left ventricles, only one commissural attach- 
ment to the right ventricle was shown and that was 
between the anterosuperior bridging leaflet and the 
anterolateral papillary muscle.” 

The morphological characteristics of the common 
atrioventricular valve in atrial isomerism with right 
ventricular dominance or in hearts with double inlet 


295 


right ventricle are not well known. In those patients 
with straddling of the mitral valve and two atrio- 
ventricular valves, the left ventricle generally had 
two papillary muscles, while the anterior papillary 
muscle was usually absent when there was one 
papillary muscle in the left ventricle.'* On the other 
hand, in our series, the posterior papillary muscle 
was absent and the chordae of the commissure 
between the left lateral and posteroinferior leaflets 
were tethered to the crest of ventricular septum when 
one papillary muscle was found in the left ventricle. 
These differences suggest that the development of 
left ventricular hypoplasty differs in hearts with a 
straddling mitral valve and those with atrial isomer- 
ism and a common atrioventricular valve. 
Hypoplasia and dysplasia of the left ventricular 
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Fig5 Echocardiograms from a five year old boy (case 11) 
with right isomerism and a left sided heart. (a) The four 
chamber view shows two anterosuperior leaflets. Chordae 
(arrow) from the commissure of these leaflets were attached 
to the crest of the interventricular septum. RAL, right 
anterosuperior leaflet; LAL, left anterosuperior leaflet. 

(b) The four chamber view with posterior tilt shows a 
posteroinferior leaflet (arrow) that bridged the 
interventricular septum (arrow heads). 
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component of the posteroinferior leaflet and hypo- 
plasia of the left ventricular posterior papillary 
muscle were reported in cases of common atrioven- 
tricular valve with the usual atrial arrangement, left 
ventricular hypoplasia, and normal relations of the 
great vessels.” The tethering of the commissure 
between the left lateral and posteroinferior leaflets to 
the crest of the ventricular septum that we found has 
not been described before in patients with the usual 
atrial arrangement. 

Corrective surgery was performed in six patients. 
A total cavopulmonary shunt or modified Fontan 
procedure was performed in five patients with right 
ventricular dominance and in the patient with left 
ventricular dominance. Atrioventricular septation 
had been planned in one of the patients with right 
ventricular dominance, in whom the rudimentary left 
ventricle was large. The echocardiographic examina- 
tion provided valuable information on which to base 
the surgical approach in this patient. Cross sectional 
echocardiography showed an atrioventricular valve 
of the type shown in fig 1b, and the modified Fontan 
procedure was performed. 
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Fig6 Echocardiograms from a 15 year old girl (case 16) 
with right isomerism and a right sided heart. (a) The four 
chamber view shows the dominant left ventricle (LV) bridged 
by the anterosuperior leaflet (arrow). RV, right ventricle. 

(b) A four chamber view of systole with posterior tilt shows 
the commissure (arrow) between the posteroinferior and right 
lateral leaflets attached to the crest of the interventricular 
septum. (c) The same view in diastole shows the 
posteroinferior leaflet (PL) opening into the left ventricle 
(LV) and a right lateral leaflet (RLL) opening into the 
right ventricle. 





We examined by echocardiography the range of 
types of common atrioventricular valve in atrial 
isomerism. We found that the atrioventricular 
morphology in those with partial insertion of a 
common atrioventricular valve into the rudimentary 
left ventricle in atrial isomerism differed from that in 
hearts with the usual atrial arrangement, concordant 
atrioventricular connection, and hypoplasia of the 
left ventricle. 
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Quantitative effects of speckle reduction on cross 
sectional echocardiographic images 
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SUMMARY Speckle is prominent on all cross sectional echocardiograms. In order to assess its 
effects on image quantification, frames from a sector scanner with a six bit grey scale were stored 
and processed off line to identify and smooth the speckle by means of an adaptive filter based on 
fully developed speckle. In 14 controls, 12 patients with hypertrophic cardiomyopathy, and 12 
with secondary left ventricular hypertrophy, filtering significantly reduced the standard deviation 
of echo intensity, which was used as a measure of the scatter of pixel amplitude, in all three groups 
(by 52%, 46%, and 46% respectively). The mean value of back-scattered echo intensity itself, 
however, was reduced by only 7%, 5%, and 8% respectively, and median values were not affected 
at all. Mean (SD) left ventricular cavity areas on the apical four chamber view were significantly 
increased from 26 (15) to 30 (17) cm?. The valve dimensions in the parasternal minor axis in 10 
patients with mitral stenosis were significantly increased by 11% laterally, but were unaffected 
anteroposteriorly. Subjective image quality was appreciably modified: endocardial boundaries in 
apical views were enhanced and the septal “ground glass” appearance was lost in hypertrophic 
cardiomyopathy. 

Speckle reduction therefore greatly reduced the scatter of pixel values, with little effect on the 
mean regional back scattered echo amplitude. It also modified the perceived image texture. 
Improved boundary definition consistently increased the area estimates, particularly when these 
depended on lateral rather than range resolution. 


Speckle is present on all echocardiograms and gives 
them their characteristic granular appearance. Like 
noise it degrades the image, but unlike noise it is at 
least in part determinate—that is it is not random in 
its origin. Also, unlike electrical noise the global 
statistical properties of speckle, such as the grey scale 
histogram and spatial frequency spectrum, are pre- 
dictable and specific to the imaging system being 
used.’ These differences suggest it might be possible 
to identify and remove speckle from images by 
processing them. 

We investigated such a system, based on adaptive 
filtering, and examined how it affected measure- 
ments often made on cross sectional echocardio- 
grams: that is the local echo amplitude, the area 
enclosed by the ventricular cavity, and the dimen- 
sions of mitral valve orifice. 
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Patients and methods 


Echocardiograms were recorded with an ATL 860 
(6 bit) series scanner that was modified to increase 
its displayed dynamic range to 45 dB. On the final 
display, one grey scale level corresponded to 0-86 dB. 
Images were simultaneously displayed in grey scale 
and in colour by a Brompton encoder as they were 
recorded.? Gain settings were standardised: the mas- 
ter gain was increased until the pericardium posterior 
to the left ventricle was just displayed at the highest 
level on the encoder.” The depth compensation was 
then set to a linear ramp across the image at a rate of 
approximately 2 dB/cm. Gain settings were not 
altered thereafter. Standard echocardiographic cuts 
were used and images were stored on U-matic 3/4 
inch video tape by a Sony VO 5800PS recorder. 
Figure 1 shows the principle of the speckle reduc- 
tion system we used.’ It is based on the observation 
that an echocardiogram may show texture even when 
there is no resolvable or partially resolvable structure 
in the region being studied. Image texture of this sort 
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Fig1 Prinaple of the adaptive filter used to reduce speckle. 


is referred to as fully developed speckle; its character- 
istics depend primarily on the imaging system used 
rather than on the target. Structure, resolvable or 
partially resolvable, only becomes apparent on the 
image when it modifies the background pattern of 
fully developed speckle. The system we used exam- 
ined each small region of the image to determine how 
much its pattern of local pixel intensity resembled 
that of fully developed speckle. An index of similarity 
was thus derived, which controlled the spatial band- 
width of a smoothing filter. Regions of the image that 
most closely resemble fully developed speckle were 
heavily smoothed—that is replaced by the local mean 
—while regions that were least similar were not 
smoothed at all, leaving the original echo texture 
intact. We classified texture in terms of a variable, p, 
which represents the ratio of the local mean square 
pixel level to the local mean. The filtering process 
consists of modifying the original pixel intensity (x) 
to a new value (X), given by: 
& = & + k(x-k), 

where x represents the local mean, and k is given by 
the relation: 


k = gp-ps)/p, 

where ps is the mean value of p in a region of fully 
developed speckle, and g is a scaling factor that 
determines the overall strength of the smoothing. 
The value ofk has to be <1, because if it is higher the 
edges become enhanced. Thus we computed the 
value for g for every tenth pixel matrix that gave a 
value of k just <1 over the whole image. Our 
algorithm differs slightly from that described by 
Bamber and Daft,' who used the ratio of local 
variance to local mean as the index of similarity, but 
found that it performed more satisfactorily for 
cardiological work where the data had undergone 
logarithmic compression and where the image 
contained large and small echo amplitudes close 
together. 

The system was implemented on a Tandon PCA 
desk top computer. We derived the pixel distribution 
for fully developed speckle for our echocardiograph 
from a standard Nuclear Associates tissue-equivalent 
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phantom at mid-depth. All scatterers within it, 
except for a set of wires, were assumed to be very 
small in comparison with the wavelength of ultra- 
sound used. A matrix size of 5 x 5 pixels proved most 
satisfactory for processing, and values for g were 
usually in the range 1-3-1-5 depending on the image 
being studied. Video frames to be analysed were 
transferred from tape to a 512 x 256 x 6 bit frame 
store. We identified appropriate areas of interest, 
approximately 15 x 15 pixels; the local mean, 
median, and standard deviation were calculated for 
each and printed out, along with numbers of pixels 
at each of the 52 grey scale levels used. The frequency 
histogram was also displayed in analogue form on the 
image; this proved useful when we studied myocar- 
dial echoes because an obviously bimodal form 
usually meant that we had mistakenly included 
specular echoes (that is those reflected from large flat 
surfaces) within the area of interest. We could filter 
either the area of interest alone or the whole image; 
the whole image took approximately 70 s to complete 
when the matrix size was 5 x 5 pixels. 


BFFECT OF SPECKLE REDUCTION ON A PHANTOM 
Figure 2 shows the effect of speckle reduction on an 
image arising from a standard phantom. The unpro- 
cessed image (top panel) shows high amplitude 
echoes arising from wires embedded in it against a 
background of speckle. The middle panel shows the 
effect of the filter. The images of the wires are 
unaltered—indeed, their boundaries seem even more 
sharply defined than on the unprocessed image, but 
the speckle is much less prominent. The lowest panel 
is the result of subtracting the upper panel from the 
middle panel. Its amplitude has been doubled for 
clarity. It thus shows what has been removed from 
the original image by the filter. There is clearly no 
structural information at all here. Instead its texture 
is granular and virtually uniform. The unprocessed 
image can thus be thought of as combining this 
speckle pattern with the structural information 
shown in isolation in the middle panel. 


EFFECT OF SPECKLE REDUCTION ON BACK- 
SCATTERED AMPLITUDE IN PATIENTS AND 
CONTROLS 

The effect of reducing speckle on the amplitude of 
back-scattered echoes from myocardium was studied 
in 12 patients with typical hypertrophic cardio- 
myopathy (diagnosed on clinical and echocardio- 
graphic criteria), 12 with left ventricular hypertrophy 
secondary to valvar aortic stenosis severe enough to 
need valve replacement, and 14 normal controls. 
Areas of interest were located in the basal and mid- 
portions of the septum and posterior wall on the 
parasternal long axis cut,’ excluding high amplitude 
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Fig2 Effect of speckle reduction on the echograms of a 
standard phantom. The upper panel is the original image, 
with high amplitude signals arising from wires embedded 
within the phantom. The middle panel shows the same video 
frame after speckle reduction. Note that the amplitude of the 
background speckle is greatly reduced, while the images of the 
wires are virtually unaffected. The bottom panel, derived by 
subtracting the middle from the upper panel, shows what has 
been removed by the filter. The overall amplitude in this 
frame has been doubled for clarity. 


echoes arising from endocardium or pericardium. 
We derived the mean pixel intensity and its standard 
deviation for each of these areas before and after 
applying the speckle reduction algorithm to the area 
of interest. 


Table Effect of filtration on myocardial echo intensity 
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MEASUREMENT OF MITRAL VALVE DIMENSIONS 
AND LEFT VENTRICULAR CAVITY AREAS 

We assessed how speckle reduction affected 
estimates of mitral valve dimensions from para- 
sternal short axis cuts at the level of the valve cusps in 
12 patients with rheumatic mitral stenosis. We 
photographed single frames on 35 mm film, along 
with the depth calibration before and after process- 
ing. With the image magnified 3—4 times, we 
measured the apparent dimensions of the valve 
orifice in the anteroposterior direction by the leading 
edge method and in the lateral direction from the 
“inside” of the cusp echoes. 

We measured left ventricular cavity area on 
echocardiograms recorded in the apical four chamber 
cut in 11 patients with various cardiac conditions, 
including aortic regurgitation (two), rheumatic valve 
disease (three), cardiomyopathy (two), and four 
controls. Again we photographed the images on 
35 mm film before and after processing and projected 
them on to a digitising table, outlining the area of the 
cavity as we have previously described for contrast 
angiograms.’ On both processed and unprocessed 
images, we took the inner border of the echoes 
forming the cavity outline to be the position of the 
endocardium. 


Results 


BACK-SCATTERED AMPLITUDE 

The table shows the values for the mean and standard 
deviation of back-scattered amplitude for controls 
and patients with primary and secondary left ven- 
tricular hypertrophy. Values from controls tended to 
be lower than those from patients with ventricular 
hypertrophy, but did not differ significantly. 
Similarly, mean values did not differ between 
patients with primary and secondary hypertrophy or 
between regions. Speckle reduction caused a very 
consistent reduction (46%—52%) in the standard 
deviations of pixel intensity in all three groups and 
values fell in every individual. The effect on the mean 
level of pixel intensity was very much smaller, 
ranging from a fall of 4-8%, to a fall of 7:0%. These 
values were significantly less than the change in 
standard deviation (p < 0-001 for all three groups). 








Unfiltered values Change with filtration (% ) 
Group Mean SD Median Mean SD Median 
Control 73 44 63 70 —52 -0:7 
Hypertrophic cardiomyopathy 8:2 42 7:7 -59 -46 23 
Secondary left ventricular hypertrophy 9-0 44 77 -48 -46 -15 





All the differences between the percentage change in standard deviation for median or mean values were significant (p < 0-001). 
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Fig3 Effect of speckle reduction on myocardial echo texture in a patient with hypertrophic cardiomyopathy (parasternal 
minor axis cut). Note that the granular appearance of the myocardium in the original image (left, arrows) has been removed 
by processing, and replaced by a more diffuse structure. 





Fig4 Left ventricular echocardiogram (apical four chamber cut) showing the effect of speckle reduction on the apparent 
cavity size and endocardial boundary. Left, original image; right, filtered image. 





Fig5 Mitral valve orifice, recorded in parasternal minor axis cut from a patient with mitral stenosis. Left, original image; 
right, processed image. Note that the apparent orifice size has increased and that its boundary appears more clearly defined. 


The median pixel level did not show any consistent 
change. 

Reducing speckle caused the images to change 
strikingly. In the patients with left ventricular hyper- 
trophy, whether primary or secondary, echo texture 
often seemed abnormal before processing, with an 
obvious granular appearance (fig 3, left panel). After 
speckle reduction, this granularity was no longer 
present (right panel) and was consistently replaced 
by a diffuse pattern of echoes within the myocar- 
dium. Apparently randomly distributed, sharply 
defined sonolucent areas were strikingly accen- 
tuated; although in retrospect they had been present 
on the unprocessed image, they became much more 
obvious once the speckle had been reduced. Their 
origin was not clear though their consistent presence 
and position on successive frames seem to suggest 
that they were not artefactual. 


LEFT VENTRICULAR CAVITY AREA 

The apparent left ventricular cavity area was consis- 
tently larger after speckle reduction (fig 4). The mean 
value rose from 26 (15) cm? to 30 (17) cm? on the 
processed image (p < 0-002), the increase being at 


least 1 cm? in each patient. Subjectively, we noted 
that the internal boundary of the cavity became much 
clearer, making it easier to digitise (fig 4). 


ORIFICE DIMENSIONS OF THE MITRAL VALVE 

On the parasternal minor axis view, mitral valve 
dimensions in the anteroposterior direction were 
unaffected by speckle reduction, the mean (SD) 
being unchanged at 21 (12) mm. The transverse 
dimension, however, increased from 36 (9) mm on 
the unprocessed image to (40) (12) after filtering (fig 
5) (p < 0:002). Again, the apparent boundary of the 
orifice became much clearer after the image had been 
processed. 


Discussion 


Speckle is prominent in all ultrasound images. It is 
probably caused when wave fronts from targets that 
are too small to be individually resolved at the 
wavelength of ultrasound used interfere with one 
another. The exact pattern seems to depend mainly 
on the echocardiograph used, and it is still not certain 
whether it conveys any structural information at all. 


md. 
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The overall result of speckle, however, is to degrade 
fine detail, so it was of interest to examine how 
cardiological images were altered when it was sub- 
stantially reduced. 

There are several ways in which this might have 
been done. Speckle can be treated simply as noise and 
reduced by frame averaging or smoothing. While this 
would certainly reduce its overall effect, spatial and 
temporal information would also be lost. A second 
approach would be to use more than one transducer 
—again this might have been possible with a static 
organ, but it would be quite impracticable for the 
heart without losing diagnostically valuable informa- 
tion. Our approach identified the speckle pattern 
characteristic of the echocardiograph we used, deter- 
mined its statistical features, and smoothed it on the 
image. This approach proved feasible, and it may 
well be possible to implement it in real time. The 
median pixel level did not change, and the mean pixel 
level fell very slightly. The scatter of pixel levels 
around these mean values, however, was strikingly 
reduced. Using the phantom, we showed that our 
ability to detect high frequency detail was unaffected. 
Further, had there been any non-specific smoothing, 
we would have found it on the subtraction image 
where it would have appeared as high frequency 
boundaries to the structural features. Altogether, the 
way regional amplitude and local pixel distribution 
changed was quite compatible with speckle reduc- 
tion, and cannot be explained by simple smoothing of 
the image. 

It seems to be generally accepted that echocardio- 
grams are granular, and thus qualitatively different 
from the images produced by other methods such as 
computed tomography or magnetic resonance imag- 
ing. Does a granular texture reflect anything fun- 
damental about myocardium? There is some clinical 
evidence to suggest that it might. A “ground glass 
appearance” of the septum is said to be characteristic 
and even diagnostic of hypertrophic car- 
diomyopathy.‘ Myocardial texture has been analysed 
on the basis of the presence, distribution, and size of 
what are described as “highly refractile bodies’’.° 
The myocardium is unusual among the cardiac 
structures commonly studied by echocardiography, 
in being detected almost entirely from back-scattered 
echoes rather than from specular reflection, as are the 
valves and endocardial surfaces. These back-scat- 
tered echoes arise from targets that are small com- 
pared with the wavelength of ultrasound used, and so 
the resulting image is likely to be more sensitive to 
the effects of speckle than one based mainly on 
specular echoes. Not surprisingly, therefore, the 
effect of reducing speckle by a system based on single 
feature criteria on myocardial texture was profound. 
Itno longer appeared granular, even in patients with 
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hypertrophic cardiomyopathy or secondary left ven- 
tricular hypertrophy, implying that the apparent 
texture in the unprocessed images had corresponded 
very closely with the criteria we used to identify fully 
developed speckle. By contrast, median pixel levels, 
which are not affected by speckle, were unaltered. 
We conclude that the granular appearance within the 
myocardium in these patients need not reflect 
underlying structure in any significant way. We did 
not establish whether the appearances shown by 
filtering had any anatomical basis. This will require 
further study. 

Areas are often measured routinely on cross sec- 
tional images so we studied two examples. In patients 
with rheumatic mitral stenosis the anterioposterior 
dimension of the valve orifice was unaffected by 
filtering the image but the lateral dimension was 
consistently larger, so that the calculated area 
increased. The apparent left ventricular cavity area as 
assessed in the apical four chamber view was ap- 
proximately 15% larger when measured on proces- 
sed images. This increased to 25% when the volume 
was estimated. These differences are large enough to 
be clinically significant. The effect of processing on 
the apparent area seemed to be related to the way in 
which the image of the corresponding boundary was 
generated. On the short axis parasternal cut that is 
traditionally used to measure mitral valve area a 
leading edge defines the apparent orifice only along 
the anterior surface of the posterior cusp. The 
trailing edge of the anterior cusp forms its anterior 
border, while the commissures are defined by lateral 
resolution. Thus both they and the ventricular cavity 
on the apical four chamber view are outlined by back- 
scattered rather than reflected echoes and so they are 
likely to be particularly sensitive to the effects of 
superimposed speckle. It follows that even a 
measurement so seemingly unambiguous as the area 
enclosed by what appear to be clear anatomical 
boundaries on an echocardiogram depends critically 
on how the image is generated. 

Smoothing,’ frame averaging,® boundary en- 
hancement,’ ® and colour coding’? have been 
examined for their possible value in processing 
echocardiograms. All these manoeuvres have in 
common a non-specific algorithm, so their value is 
limited to accentuating information already present 
on the unprocessed image. More complex analysis 
requires that the processes underlying image genera- 
tion be better understood, so that confounding 
factors can be identified and removed. Speckle 
reduction seems to be a step in this direction, though 
the physics of its production do not have to be 
understood in detail for its effects to be quantified 
and isolated. We hope to improve these methods so 
that they can be used in real time, rather than simply 
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on individual frames. Ideally, echocardiographs 
would be designed to eliminate speckle as the original 
data are collected rather than to remove it retrospec- 
tively from the final image as we have done. As the 
interaction between ultrasound and tissues becomes 
more clearly understood, we expect that equipment 
design will improve so that the resolution and 
information content of images will correspondingly 
increase. 
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SUMMARY Magnetic resonance imaging at a high field strength has potential benefits for the study 
of the heart in infants, which is when most congenital heart disease presents. Seventeen infants with 
various anatomical types of ventricular septal defect were studied by this technique. Good quality, 
high resolution, images were obtained in every case. There were no major practical problems. The 
morphology of the defects in all 17 hearts was displayed in great detail. In some instances, the 
interpretation of the images resembled that of equivalent images from cross sectional echocar- 
diography. But this new technique allowed imaging in planes that cannot be obtained by 
echocardiography. One particularly valuable plane gave a face on view of the inlet and trabecular 
components of the septum. This allowed very precise localisation of defects in these areas. The 
relation between the defects and the atrioventricular and arterial valves was exceptionally well 
shown in various different imaging planes. One patient in the series had multiple trabecular defects 


that were clearly shown. 


Magnetic resonance imaging gives detailed morphological information about ventricular septal 


defects. 


High resolution cross sectional imaging can provide a 
precise description of the morphology of defects in 
the ventricular septum,' and echocardiography is a 
useful investigation in patients with such defects. But 
newer cross sectional imaging methods have not been 
evaluated in the study of ventricular septal defects. 
Gated cardiac magnetic resonance imaging, with 
imaging systems of low field strength, can detect 
large defects in older patients.?* The structural 
diagnosis of congenital heart defects, however, is 
usually made in infants.‘ This is the age group in 
which new imaging techniques need to be evaluated. 

We studied an unselected series of infants with 
various types of ventricular septal defect by a mag- 
netic resonance imaging system that operates at high 


field strength. 
Patients and methods 


PATIENTS 
We studied 17 infants with ventricular septal defects 
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undergoing clinical assessment at Guy’s Hospital 
(table). The selection criteria were the presence of a 
known ventricular septal defect and the availability 
of the infant for imaging. They were aged between 
three weeks and six months. All had a normal atrial 
arrangement. Nine had normal cardiac connections. 
In three there was a discordant ventriculoarterial 
connection, and one of these infants also had a 
discordant atrioventricular connection. Two cases 
had double outlet from the morphologically right 
ventricle, two others had pulmonary atresia, while 
the final patient had a common arterial trunk. One 
patient has since died and the heart has been 
examined (patient 5). Another has undergone sur- 
gical closure of the defect (patient 17). 


METHODS 

The imaging protocol was described in detail else- 
where.’ In all patients an initial series of sections was 
acquired in the transverse plane of the body, encom- 
passing the whole heart. Typically, this required 
seven sections. Subsequent imaging planes were 
chosen in the light of the suspected cardiac abnor- 
mality and the position and orientation of the cardiac 
structures as shown on these,images. Imaging planes 
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Table Details of patients studied by magnetic resonance imaging at high field strength 








CaseNo Age Morphology demonstrated by magnetic resonance 
l 3 mnth Large muscular inlet defect, multiple small muscular trabecular defects 
2 4mnth Double outlet of the morphologically right ventricle, anterior aorta, posterior pulmonary trunk overriding a 
perimembranous confluent defect 
3 3 wk ie a atresia, aorta arising anteriorly from the right ventricle, no central pulmonary arteries, muscular outlet 
defect 
4 4 mnth Perimembranous confluent defect with overriding by the tricuspid valve and malalignment between the atrial 
septum and the trabecular ventricular septum 
5 3 mnth Double outlet of the right ventricle with the great arteries arising, side by side, the aorta to the right, complete 
muscular infundibulum beneath both great arteries, defect with entirely muscular margins 
6 6 wk Doubly committed juxta-arterial defect with muscular posteroinferior border, coarctation 
7 4mnth Pulmonary atresia with central confluent pulmonary arteries; aortic valve overrides a perimembranous outlet 
defect 
8 6 wk Perimembranous inlet defect with accessory tricuspid valve tissue partially closing it 
9 3 mth Small perimembranous defect with accessory tricuspid valve tissue 
10 1 mnth Muscular outlet defect, complete muscular subaortic infundibulum coarctation 
11 5 mnth Discordant ventriculoarterial connection, muscular outlet defect with posterior deviation of the outlet septum and 


subpulmonary stenosis 


12 1 mnth Perimembranous confluent defect with overriding tricuspid valve, overriding aortic valve, and infundibular 
pulmonary stenosis 

13 3 wk Perimembranous defect with overriding common arterial trunk 

14 2 mnth Small perimembranous defect, coarctation 

15 5 mnth Discordant ventriculoarterial connection, muscular outlet defect 

16 1 mnth Discordant atrioventricular and ventriculoarterial connections; perimembranous outlet defect with overriding 
pulmonary valve 

17 6 mnth Single large muscular inlet defect 





oblique in one or two axes to the standard planes of Results 

the body were used in every patient. The angles for 

these planes were measured individually in each Images of adequate quality for morphological study 
patient from the earlier images. Optimum imaging of were obtained in every patient. The electrocardio- 
the cardiac anomaly was achieved typically in total graphic gating was also satisfactory in all instances. 
imaging time of about 90 minutes. 





Fig 1 Magnetic resonance image of oblique coronal section 
in patient 1. The section includes the ventricular septum and Fig2 Magnetic resonance image of oblique coronal section 
shows multiple muscular defects (arrows), the largest being in in patient 17. There is a single large muscular defect 

the inlet septum. There is no defect in the outlet septum; it (arrow). The membranous septum was shown to be intact in 
appears to be defective because it curves backwards out of the sections orthogonal to this; because it is thin it appears to be 
plane of the section. defective in this plane. 
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Fig 3 Magnetic resonance image of oblique transverse, four 
chamber cut, in patient 2 showing that the defect between the 
ventricular inlets is perimembranous (arrow). The defect is 
“roofed” by the area of fibrous continuity between the 
atrioventricular valves, which are not offset. 


The table lists the descriptions of the morphology 
that were discernible from the magnetic resonance 
images. The morphological criteria for the descrip- 
tion of ventricular septal defects have been described 
in detail elsewhere.' In the two patients in whom 
direct observation of the morphology of the defect 





Fig 4 
confluent perimembranous defect (patient 4). This shows the 
outlet extension of the defect, with the outlet septum clearly 
delineated (arrow). (b) Oblique transverse, four chamber, 
cut in the same patient. There is a large perimembranous 
defect between the ventricular inlets with malalignment 
between the atrial septum and ventricular septum (arrows). 
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Fig5 Magnetic resonance image of oblique sagittal cut to 
show the septum in patient 6 who had a doubly committed 
juxta-arterial defect. The area of fibrous continuity between 
the arterial valves ts clearly shown (arrow). There is some 
offsetting between the pulmonary and aortic valves in this 
section. 


was possible at necropsy or operation the magnetic 

resonance description of the defects was confirmed. 
Although the imaging planes used in each patient 

were different, some general principles emerged. For 





(a) Magnetic resonance images of a sagittal cut of a 
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Fig 6 
show the bilateral infundibulum in patient 5. (b) An 
equivalent incision in the same heart at necropsy, Ao, aorta; 
PT, pulmonary trunk; LV, left ventricle; RV, right 
ventricle. 


(a) Magnetic resonance image of a coronal cut to 


instance, the oblique coronal plane was a particularly 
valuable imaging plane (rotated around a vertical 
axis, and also occasionally a left to right axis, in the 
plane of the inlet and trabecular components of the 
ventricular septum). This included a large part of the 
septum within the 5 mm thick slice. This imaging 
plane clearly showed the position of defects in the 
inlet and trabecular septum and their relation to the 
central fibrous body. This section needed careful 
selection of the imaging plane and was not satisfac- 
torily achieved in every patient. In patient 1, such a 
section clearly showed not only a large muscular inlet 
defect, but also several small muscular trabecular 
defects (fig 1). In contrast, in patient 17 a similar 
image showed a single large defect with entirely 
muscular margins in the inlet septum (fig 2). An 
oblique sagittal plane rotated around both the ver- 
tical and anterioposterior axes was used to show the 
ventricles in short axis. A four chamber image, 
showing the inlet septum, was obtained from an 
oblique transverse plane, rotated around the left to 
right and anterioposterior axes (fig 3). Frequently, 
even with large defects, the morphology could not be 
clearly determined from standard imaging planes. 
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The use of oblique imaging planes individually 
tailored to the morphology seen in each case was 
essential (figs 4, 5, and 6). The morphology of the 
ventricular septal defects studied in this series was 
very varied. There was no standard imaging protocol 
that would have provided the best images in every 
patient. 


Discussion 


This series contains examples of a wide variety of 
anatomical types of ventricular septal defects. In 
every patient, the magnetic resonance study provided 
the morphological details to define the anatomy of 
the defects present. The high resolution of the images 
obtained, even in these small infants, compares 
favourably with those from cross sectional echocar- 
diography. A unique feature of magnetic resonance 
imaging is its capability to image in any plane 
through the heart. There should in theory, therefore, 
be no feature of the morphology of any ventricular 
septal defect that cannot be determined within the 
limits of resolution of the images. Further experience 
will indicate whether this is indeed true. It is already 
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clear to us that considerable experience is required in 
choosing the best imaging plane in individual 
patients. We believe that the standard series of 
imaging planes that have been described by others,‘ 
have no place in the imaging of congenital malforma- 
tions of the heart. The protocol in each patient has to 
be matched to the observed anatomy. This is already 
well established in echocardiography. The same 
general principles about the interpretation of cross 
sectional images of the heart apply to magnetic 
resonance images. 


POSITION OF THE DEFECT IN THE VENTRICULAR 
SEPTUM 

Magnetic resonance images in planes that are 
equivalent to cross sectional echocardiographic 
imaging planes can be interpreted by the same 
criteria.' Thus the defect can be judged as solely 
opening between the ventricular inlets, solely be- 
tween the subarterial outlets, or extending between 
these areas, when they may be termed “confluent” 
(fig 5), Although there are no examples in this series, 
large isolated muscular trabecular defects should be 
demonstrable in such planes. In addition, we showed 
a new approach to imaging the ventricular septum 
that is exclusive to the technique of magnetic reson- 
ance imaging. Sections in the plane of, and enclosing, 
the inlet and trabecular components of the septum 
produce images comparable to seeing these areas of 
the septum directly. Defects in these areas can then 
be precisely localised. 


RELATION OF THE DEFECT TO ARTERIAL VALVES 
Examples of muscular, perimembranous, and doubly 
committed juxta-arterial defects all opening between 
the subarterial outlets are included in this series. The 
outlet septum cannot be shown face on in the same 
way as the inlet and trabecular components of the 
septum. This is because, in hearts with normal 
connections, the septum curves posteriorly out of the 
imaging plane. Despite this, extension of defects to 
open between the subarterial outlets was exception- 
ally weil shown. For example, the fibrous continuity 
between aortic and pulmonary valve in a patient with 
a doubly committed defect was very clear (fig 5). A 
comparison of the necropsy specimen with the mag- 
netic resonance images in a patient with a bilateral 
infundibulum shows how well this aspect of the 
anatomy was shown (fig 6). Features such as over- 
riding of arterial valves and deviation of the outlet 
septum were also well shown. 


RELATION OF THE DEFECT TO THE CENTRAL 

FIBROUS BODY AND ATRIOVENTRICULAR VALVES 
The relation of defects to the central fibrous body 
was shown in various planes. So perimembranous 
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defects were readily distinguished from other 
defects. Perimembranous defects extending into the 
inlet septum and roofed by the atrioventricular 
valves were well shown in a four chamber imaging 
plane. In two patients in this series such defects were 
associated with overriding of the tricuspid valve. 
This was clearly shown (fig 4). In one of these, 
however, there was echocardiographic evidence of 
additional straddling of the tension apparatus of the 
valve that was not evident on the magnetic resonance 
images. 


MULTIPLE DEFECTS 

In one patient in this series, the magnetic resonance 
images clearly showed multiple small trabecular 
defects in association with a large muscular defect of 
the inlet septum (fig 1). Only one trabecular defect 
was shown in this patient on both Doppler colour 
flow mapping and cineangiography. It is, therefore, 
possible that magnetic resonance imaging will prove 
of special value in detecting the presence of multiple 
defects. Great care is needed to differentiate 
trabeculations on the right ventricular surface of the 
septum from true small trabecular defects. By fol- 
lowing the defects in contiguous sections from the 
cavity of the left ventricle to that of the right we were 
confident that in this patient they were true septal 
defects. If this is not always done, trabeculations will 
be falsely identified as septal defects. 


THE PLACE OF MAGNETIC RESONANCE IMAGING 
There are few practical problems with this imaging 
technique. The patient must be prevented from 
moving. We found that light sedation was sufficient 
for this. The infant does not suffer any discomfort 
during the maging procedure and, if well prepared, 
will generally sleep soundly. The heart rate is con- 
stantly monitored and the patient’s colour and res- 
piratory motion can be observed from outside the 
magnet. Cardiac gating was a potential problem 
because of possible distortion of the electrocar- 
diogram. But we have not found any major difficulty 
with this. Occasionally the position of the electrodes 
has to be adjusted to give the best signal, but we have 
always been able to obtain satisfactorily gating. 
Magnetic resonance imaging can, therefore, 
provide excellent images of ventricular septal 
defects. Much of the information they contain is 
comparable with that from cross sectional echocar- 
diography. The images, however, are of high resolu- 
tion, and new imaging planes that are not possible 
with echocardiography can be used. This new tech- 
nique enables a very detailed assessment of the 
morphology of ventricular septal defects to be made 
non-invasively. This calls into question the role of 
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cineangiography in the assessment of infants with 
ventricular septum defects. 
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Dilatation with progressively larger balloons for 
severe stenosis of the pulmonary valve presenting in 
the late neonatal period and early infancy 


SHAKEEL A QURESHI, EDMUND J LADUSANS, ROBIN P MARTIN* 
From the Departments of Paediatric Cardiology, Royal Liverpool Children’s Hospital, Liverpool; and Guy’s 


Hospital, London 


SUMMARY Balloon dilatation in infants with severe pulmonary valve stenosis may not be a 
straightforward procedure once the arterial duct has closed. Balloon dilatation was attempted in 
three neonates and infants. In an 11 week old infant hypotension and bradycardia developed 
shortly after a 5 French end hole catheter was passed through the severely stenosed pulmonary 
valve. An emergency Waterston shunt was subsequently performed, but he died three days later. 
After this experience the technique was modified so that progressively larger balloons were used for 
dilatation in two infants, aged one and three weeks, with severe pulmonary valve stenosis in whom 
the arterial duct had closed. It was successful in both. 


Percutaneous balloon dilatation is now a widely 
accepted treatment for pulmonary valve stenosis in 
children and adults.’? Its application to the treatment 
of severe stenosis of the pulmonary valve in early 
infancy is less well established. There have been 
several reports of successful balloon dilatation in this 
age group.”’ The procedure is generally thought to 
be safe and effective, especially when the arterial duct 
is patent. When the arterial duct 13 closed, however, 
balloon dilatation may not be straightforward. The 
purpose of this paper is to highlight the complica- 
tions associated with this procedure and to suggest 
modifications of technique for avoiding these com- 
plications. 


Patients and methods 


Percutaneous balloon dilatation was attempted for 
severe pulmonary valve stenosis in three neonates 
and infants. The group consisted of an 11 week old 
boy (born at 32 weeks’ gestation) (case 1), a one week 
old boy (case 2), and a three week old girl (case 3) 
(table). 
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Case I required assisted ventilation for 25 days after 
birth because of hyaline membrane disease. His chest 
radiograph then showed cystic changes caused by 
pulmonary interstitial emphysema in the right lung. 
He was referred because of a harsh ejection systolic 
murmur associated with congestive cardiac failure. 
Non-invasive studies with cross sectional and 
Doppler echocardiography showed severe pul- 
monary valve stenosis with an estimated transvalvar 
gradient of 81 mmHg, which increased to 144 
mm Hg over the next three weeks. 


Case 2 presented with congestive cardiac failure and 
non-invasive investigations showed severe pulmon- 
ary valve stenosis with an estimated transvalvar 
gradient of 81 mm Hg. 


Case 3 presented with mild cyanosis and breathless- 
ness. Investigations showed severe pulmonary valve 
stenosis and a transvalvar gradient of 115 mm Hg. 


TECHNIQUE OF CARDIAC CATHETERISATION AND 
BALLOON DILATATION 

Cardiac catheterisation was performed percuta- 
neously by the femoral venous and arterial routes 
under general anaesthesia. After measurement of the 
intracardiac saturations and pressures, right ven- 
tricular angiography was performed in all the 
patients. This confirmed a severely stenosed pul- 
monary valve. The pulmonary valve “‘annulus” was 
measured on the lateral projection of the angiogram. 
The dimensions of the angiography catheter were 
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Table Data on three infants treated with balloon dilatation 
RV systolic LV systolic 

Age at Weight at pressure at pressure at RV:LV B:A 
Case BD (wk) BD (kg) cath (mm Hg) cath (mm Hg) systolic ratio PVA (mm) ratio 
1 11 24 240 120 2 — — 
2 1 42 125 95 13 9 1-4 
3 3 37 135 85 16 8 1:25 





B:A, balloon:annulus ratio; BD, balloon dilatation; LV, left ventricle; PVA, diameter of pulmonary valve “annulus”; RV, right ventricle; 


cath, catheterisation. 


used to calculate the magnification factor. The 
arterial duct was closed in all three patients. The 
haemodynamic data are given in the table. 

In case 1, a 5 French multipurpose end hole 
catheter was passed into the right ventricle. The 
patient remained haemodynamically stable while 
attempts were made to cross the pulmonary valve. 
Eventually, after the valve was crossed with a tip 
deflector wire in the catheter, the catheter was 
rapidly positioned in the proximal left pulmonary 
artery. The gradient across the pulmonary valve was 
220 mm Hg. A 0-018 inch diameter floppy tipped 
exchange guide wire was quickly introduced through 
the catheter and placed in the distal left pulmonary 
artery. The patient developed rapidly progressive 
bradycardia and hypotension with pronounced ST 
segment depression on the electrocardiogram. The 
catheter was withdrawn to the right atrium, leaving 
the guide wire in the pulmonary artery, while exter- 
nal cardiac massage was started. Bradycardia persis- 
ted and so the guide wire was also removed. Subse- 
quently, a stable cardiac rhythm was achieved but the 
infant remained hypotensive and hypoxic. An emer- 
gency Waterston shunt was performed, but he 
remained hypotensive and died three days later. 

Necropsy confirmed severe pulmonary valve 
stenosis (figure) with a pulmonary valve orifice 
diameter of 1-5-2 mm (the external diameter of the 
catheter used was 1-7 mm). There was considerable 
hypertrophy of the right ventricle with muscular 
narrowing of the outflow tract. The arterial duct was 
closed. 

After the complications encountered in case 1, we 
modified the technique of balloon dilatation. The 
pulmonary valve was initially crossed with a 0-014 
inch floppy exchange guide wire (Schneider-Shiley 
AG) in case 2 and 0-018 inch floppy exchange guide 
wire in case 3. But because it was not possible to pass 
a 5 French end hole catheter over the guide wire 
through the valve orifice without causing hypo- 
tension, arterial desaturation, and bradycardia, a 4 
French end hole catheter (William Cook, Europe) 
was manipulated over the guide wire into the proxi- 
mal left pulmonary artery in case 2 and into the distal 
left pulmonary artery in case 3. 

In case 2, a 3 mm diameter low profile coronary 


angioplasty balloon catheter on 4-3 French shaft 
(Meadox Surgimed) was passed over the guide wire 
and the pulmonary valve orifice was dilated. This 
resulted in subsequent easier positioning of the 4 
French end hole catheter in the distal left pulmonary 
artery, where a 0-018 inch exchange guide wire was 
placed. This facilitated the passage of progressively 
larger catheters (5 French), guide wires (0:020 inch 
and 0:035 inch) and balloon catheters across the 
pulmonary valve. Dilatations were performed with 5, 
8, 10, and finally 13 mm diameter balloon catheters 
(Schneider Medintag AG). The constriction caused 
by the stenosed valve was completely abolished by 
the last balloon inflation. 
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Figure Necropsy specimen showing the stenosed pulmonary 
valve with orifice diameter of 1-5-2-0 mm. The right 
ventricular outflow tract and anterior wall of the pulmonary 
trunk have been opened to view the valve. 


Progressive balloon dilatation for severe pulmonary valve stenosts 


In case 3, a 4-2 mm diameter balloon catheter on 
4:3 French shaft (Schneider-Medintage AG) was 
positioned across the pulmonary valve and the 
balloon was inflated several times. The balloon 
catheter was replaced by a5 French end hole catheter 
and a 0-021 inch exchange guide wire was positioned 
in the distal left pulmonary artery. This allowed a 
6 mm diameter balloon catheter on a 5 French shaft 
(Schneider-Medintag) to be placed across the valve 
and the inflations repeated. Subsequently, the 
balloon catheter was replaced by the 5 French end 
hole catheter and the guide wire by a 0-035 inch 
exchange guide wire. A balloon catheter of 10 mm 
diameter on a 7 French shaft (Schneider-Medintag) 
was advanced over the wire and the inflations 
repeated until the constriction of the pulmonary 
valve was abolished. Both the patients were electively 
ventilated after the procedure for 24—48 hours. 


Results 


In cases 2 and 3, the procedure was well tolerated 
with only transient hypoxia, bradycardia, and hypo- 
tension with each balloon dilatation. Four different 
sized balloons were used in case 2 and three in case 3. 

At the end of the procedure, in case 2, the right 
ventricular systolic pressure was 45 mm Hg com- 
pared with the femoral artery systolic pressure of 90 
mm Hg. The peak to peak systolic pressure gradient 
across the pulmonary valve was 15 mm Hg. In case 3, 
the pulmonary artery pressure was 25/13 mm Hg and 
the right ventricular systolic pressure was 125 
mm Hg; the gradient across the right ventricular 
outflow (at infundibular level) was 100 mm Hg. The 
brachial artery systolic pressure was 95 mm Hg. 

Case 2 was discharged home four days and case 3 
two weeks after balloon dilatation. In case 3, serial 
Doppler studies showed a gradual reduction in the 
transvalvar gradient to 16 mm Hg before discharge. 

At the latest follow up, in each patient eight 
months after balloon dilatation, both the infants were 
symptom free and thriving. Doppler ultrasound 
showed an estimated residual gradient across the 
pulmonary valve of 13 mm Hg in case 2 and 16 
mm Hg in case 3. 


Discussion 


Balloon dilatation of the pulmonary valve for pul- 
monary valve stenosis is reported to be safe and 
effective in neonates, infants, and children.** The 
first case in this report shows the difficulties and 
potential hazards of passing a catheter through a 
severely stenosed pulmonary valve. In the early 
neonatal period a patent arterial duct provides an 
alternative source of pulmonary blood flow when the 
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pulmonary valve orifice is occluded by a catheter or 
an inflated balloon. This may not be the case in the 
late neonatal period and early infancy, when the 
arterial duct has closed. It is in this group of patients 
that balloon dilatation may be less than straight- 
forward. Nevertheless, the problems are not insur- 
mountable and can be overcome by technical modi- 
fications. 

Manoeuvring of the catheter across the severely 
narrowed pulmonary valve can prove difficult. In 
such patients, small diameter floppy guide wires are 
invaluable for the rapid placement of the wire and the 
catheter across the valve. Shortly after the catheter 
was placed in the pulmonary artery in case 1, the 
infant deteriorated haemodynamically. We believe 
that this was the result of total occlusion of the valve 
orifice by the catheter. Necropsy did not show any 
evidence of trauma to the outflow tract or pericardial 
tamponade. The orifice diameter of the pulmonary 
valve was similar to the external diameter of the 
catheter. The choice of the optimum treatment in 
this infant was difficult. In view of the severe right 
ventricular hypertension, a closed arterial duct and, 
in particular, the severe lung abnormalities, we 
considered it preferable to attempt percutaneous 
balloon dilatation rather than operation. It is de- 
batable whether a surgical approach would have been 
advantageous. 

Our experience with case 1 prompted us to modify 
our technique. In the next two cases the pulmonary 
valve was crossed with a 0-014 or 0-018 inch guide 
wire and an end hole catheter, usually of 4 French 
size, was only manoeuvred across the valve to help 
position the guide wire quickly in the distal left 
pulmonary artery and the catheter was then rapidly 
withdrawn to the right atrium, thus preventing any 
appreciable obstruction of the pulmonary blood 
flow. In both cases 2 and 3, we were unable to 
advance a 5 French end hole catheter through the 
pulmonary valve orifice. The first balloon inflation, 
we believe, is of crucial importance to the safety and 
the success of the rest of the procedure. We attemp- 
ted dilatation initially with a smaller diameter (3 mm) 
coronary angioplasty or 4:2 mm diameter balloon 
catheter. This resulted in an increase in the valve 
orifice to effectively twice its original diameter, thus 
reducing the risks of compromising the pulmonary 
blood flow and facilitating the passage of subsequent 
balloon catheters. After this, we dilated the valve 
with balloon catheters of gradually increasing 
diameter. 

It is conceivable that, in case 2, a satisfactory 
outcome could still have resulted with dilatation up 
to the 10 mm diameter (balloon to “annulus” ratio of 
1-1) balloon rather than 13 mm (ratio 1-4), thus 
reducing the cost of the procedure. However, we set 
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out to achieve a final balloon to “annulus” ratio of 
1:2-1-4,. While a balloon to “annulus” ratio of < 1-0 
may be effective initially, Rao reported that residual 
transvalvar gradients were significantly lower if the 
balloon to “annulus” ratio was > 1-0.° Furthermore, 
even with a ratio of 1-0-1-2, recurrence of pulmonary 
valve stenosis requiring repeat balloon dilatation was 
more likely than when the ratio was 1:2—1-4. In both 
cases 2 and 3 the excellent initial results have been 
maintained. In this age group, we found that progres- 
sive balloon dilatation was better than attempting to 
dilate the valve with one balloon 20-40% larger than 
the “annulus”. 

Our cases highlight the difficulties and complica- 
tions associated with the management of severe 
stenosis of the pulmonary valve in early infancy when 
the arterial duct has closed. We believe that with 
attention to the technique and by using smaller 
floppy guide wires and smaller balloon catheters, of 
gradually increasing size, balloon dilatation can be 
safely and effectively performed in patients with 
severe pulmonary valve stenosis presenting in the 
late neonatal period and early infancy. 


We are grateful to Miss Roxane McKay, who per- 
formed the shunt operation in case 1 and to Dr 
Audrey Smith for her comments on the necropsy and 
assistance with the photography of the specimen of 
the same case. 
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The natural course of supravalvar aortic stenosis and 
peripheral pulmonary artery stenosis in Williams’s 
syndrome* 


NIELS GGIDDINS, JOHN P FINLEY, MAURICE A NANTON, DOUGLAS L ROY 
From the Cardiology Department, Izaak Walton Killam Children’s Hospital, Halifax, Nova Scotia, Canada 


SUMMARY The haemodynamic findings from two serial cardiac catheterisations in ten patients 
with Williams’s syndrome were reviewed. The median ages at study were one and nine years. 
Raised mean (SD) left ventricular peak systolic pressures associated with supravalvar aortic 
stenosis increased significantly with time from 121 (25) mm Hg to 153 (29) mm Hg. The peak 
systolic pressure drop between the left ventricle and aorta (measured in seven patients) increased 
significantly from 25 (25) mm Hg to 50 (35) mm Hg. Raised right ventricular peak systolic pressure 
associated with peripheral pulmonary artery stenosis (in eight patients) decreased significantly 
with time from 52 (26) mm Hg to 28 (6) mm Hg. 

Supravalvar aortic stenosis in Williams’s syndrome seems to progress rapidly, and careful 
monitoring is indicated. There is a strong likelihood that peripheral pulmonary artery stenosis in 
Williams’s syndrome will improve spontaneously with time. 


Williams’s syndrome is characterised by unusual 
facies, abnormal growth and development, and 
variable cardiovascular anomalies. The most 
common of these are supravalvar aortic stenosis and 
peripheral pulmonary artery stenosis; but other 
lesions have been described, including pulmonary 
valve stenosis, septal defects, and peripheral systemic 
arterial stenosis.' 

Studies of the natural course of these cardio- 
vascular anomalies are limited.?> We report the 
results of serial cardiac catheterisation in ten patients 
with Williams’s syndrome who had supravalvar 
aortic stenosis or peripheral pulmonary artery 
stenosis or both. 


Patients and methods 


The ten patients were referred to and followed at the 
Izaak Walton Killam Children’s Hospital in Halifax, 
Nova Scotia. These were all of the patients in whom 
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two cardiac catheterisations were indicated because 
of clinically important cardiovascular lesions, usually 
shown by grade 4/6 cardiac murmurs or electro- 
cardiographic findings typical of ventricular 
hypertrophy. 

All had the characteristic features of Williams’s 
syndrome, including distinctive facies and develop- 
mental delay. None had cardiovascular symptoms, 
and there was no contributory family history. Table 1 
shows the age and sex of these patients. Six of them 
were boys. 


Table 1 Study group 


Age (yr) 

Patient Sex Cath 1 Cath 2 

1 F lyr 9 yr 8 mth 
2 M 10 mth 8 yr 8 mth 
3 F 10 mth 10 yr 5 mth 
4 M 4yr ll yr 2 mth 
5 F 8 yr4 mth 13 yr 7 mth 
6 M lyr 2 mth 8 yr 6 mth 
7 M 3 yr li mth 8 yr 8 mth 
8 M 2yri mth 6 yr 7 mth 
9 M 11 mth 4yr4mth 
10 F 8 mth 9 yr4mth 
Mean 2yr5 mth 9 yr 1 mth 
Median lyr 9yr 


Cath, catheterisation. 
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Table2 Left heart haemodynamic function 





Left ventricular 
(LV) peak systolic 





LY-Ao PSP 
pressure (PSP) Aortic (Ao) gradient 
(mm Hg) PSP (mm Hg) (mm Hg) 
Panent Cathi Cath2 Cath! Cath2 Cath! Gath2 
1 130 156 96 82 34 74 
2 100 170 NJA 135 N/A 35 
3 110 142 110 104 0 38 
4 170 200 105 82 65 118 
5 90 135 90 135 0 0 
6 83 150 83 75 0 75 
7 140 175 84 95 56 80 
8 120 145 100 115 20 30 
9 140 174 N/A 128 N/A 4 
10 130 87 N/A 82 N/A 5 
Mean 
(SD) 121 (25) 153(29) 95 (10) 103 (22) 25 (25) +50 (35) 





N/A, not available. 


Cardiac catheterisation and angiography were 
performed after sedation and local anaesthesia. Left 
ventricular peak systolic pressure was measured 
during both catheterisations in all 10 patients, and 
pressure drops in peak systolic pressures between the 
left ventricle and aorta were measured in both 
catheterisations in seven (table 2). Right ventricular 
peak systolic pressure was measured during both 
catheterisations in eight patients, and the pressure 
drops in peak systolic pressure between the right 
ventricle and the peripheral pulmonary artery were 
measured in five (table 3). The mean ages at first and 
second catheterisations were 2 years 5 months and 9 
years 1 month, respectively (table 1). Median ages 
were one and nine years. 

For statistical analysis we used a paired z test. 


Results 


Left ventricular peak systolic pressure increased 
significantly with time, from a mean of 121 mm Hg 
(range 83-170 mm Hg) to a mean of 153 mm Hg 
(range 87-200 mm Hg) (p < 0-01). In only one 


Table3 Right heart haemodynamic function 


Right ventricular (RV) peak 
systohe pressure (PSP) 


Mam pulmonary artery 
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n=10 
p<0-01 
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Fig1 Left ventricular peak systohe pressure (LV-PSP) in 
ten patients according to age at catheterisation. Each line 
represents the change m an mndividual patient. 


patient (case 10) did the pressure decrease (fig 1). 
Aortic pressures were not measured during three 
initial catheterisations in infants, so serial data on the 
peak systolic pressure gradient between the left 
ventricle and aorta were available for only seven 
patients. There was a significant increase with time, 
from a mean value of 25 mm Hg (range 0-65 mm Hg) 
to a mean of 50 mm Hg (range 0-118 mm Hg) 
(p = 0-01). In no case did the gradient decrease, 
although in one patient no gradient was apparent at 
either study (fig 2). Left ventricular angiography 
showed a significant degree of supravalvar aortic 
deformity in all patients, whether or not there was a 
pressure gradient (fig 5). 

There was a significant decrease in right 
ventricular peak systolic pressure with time, from a 
mean of 52 mm Hg (range 16-96 mm Hg) to 28 
mm Hg (range 20-38 mm Hg) (p < 0-05). In one 
case only was there an increase of pressure with time 


Peripheral pulmonary artery RV-PPA PSP 


(mm Hg) PSP (mm Hg) (PPA) PSP (mm Hg) gradient (mm Hg) 

Patent Cath! Cath 2 Cath I Cath 2 Cath 1 Cath 2 Cath I Cath 2 

1 65 20 54 18 y N/A N/A NIA 

3 96 34 N/A 34 ISR DL} 16 81 18 

5 30 38 30 29 15(R) 1 15 17 

6 16 24 12 22 10 (L) 22 6 2 

7 50 26 43 18 25 P 14 (R) 25 12 

8 42 34 42 34 N/ N/A N/A N/A 

9 32 22 32 19 32 (L) 18 (L) 0 4 
10 84 31 NJA 33 N/A (L) [A 0 
Mean (SD) 52 (26) 28 (6) 36 (13) 26 (T) 19 (8) 21 (6) 25 (29) 97 





R, right; L, left; N/A, not available. 


Williams’s syndrome: natural course 


LV-AO PSP gradient (mmHg) 





Age (yr) 


Fig2 Peak systolic pressure drop between the left ventricle 
and aorta (LV-Ao PSP) in seven patients according to age 
at catheterisation. 


to a value greater than 30 mm Hg. The most impres- 
sive decreases were in those patients with the highest 
initial pressures (fig 3). Because the peripheral 
pulmonary arteries were not entered in three 
patients, serial data on peak systolic pressure 
gradients between the right ventricle and peripheral 
pulmonary artery were available only for five patients 
and changes were not statistically significant (fig 4). 

Supravalvar aortic stenosis and peripheral 
pulmonary artery stenosis were the only lesions 
identified at catheterisation. 

Decreased right ventricular pressures were 
associated with striking changes in the angiographic 
appearance of the pulmonary arteries (fig 6). At the 
first catheterisation of patient number 10 at nine 
months of age, right ventricular peak systolic pres- 
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Fig3 Right ventricular peak systolic pressure (RV-PSP) 
in eight patients according to age at catheterisation. 
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Fig4 Peak systolic pressure drop between the right 
ventricle and peripheral pulmonary artery (RV-PPA PSP) 
in five patients according to age at catheterisation. 


sure was 84 mm Hg and the pulmonary arteries were 
diffusely narrow. At the second catheterisation when 
the patient was nine the right ventricular peak 
systolic pressure had dropped to 31 mm Hg and the 
pulmonary arteries appeared normal. 





Fig5 Posteroanterior view of a left ventricular angiogram 
with the catheter through a patent foramen ovale and mitral 
valve. This shows distinetive supravalvar aortic narrowing 
with absence of post-stenotic dilatation of the ascending 
aorta. Considerable ventricular hypertrophy is suggested by 
the position of the epicardial coronary vessels. A ductus 
diverticulum is seen at the distal aortic arch. 
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Fig 6 


(a) Posteroanterior view of a right ventricular angiogram with the catheter across the tricuspid valve. The patient 


(case 10) was nine months old and the right ventricular peak systolic pressure (RV-PSP) was 80 mm Hg. There ts diffuse 
peripheral pulmonary artery narrowing. (b) Right ventricular angiogram of the same patient at nine years of age. RV-PSP 


was 31 mm Hg, and the pulmonary arteries appear normal. 


Discussion 


In patients with Williams’s syndrome subtle clinical 
manifestations can interfere with early diagnosis. 
Developmental delay and obstructive cardiovascular 
lesions are common in these patients and they can 
make both psychosocial and medical management 
difficult. Uncertainties about likely cardiovascular 
outcome can lead to inappropriate counselling of 
parents and inappropriate management decisions. 

Our data indicate that supravalvar aortic stenosis 
in Williams’s syndrome may be progressive and that 
careful monitoring of this lesion is indicated. This 
accords with other studies that found that obstruc- 
tion of the left ventricular outlet at, above, or below 
the aortic valve usually increases in severity.‘ The 
stenotic area may actually decrease; and with body 
growth, increased blood flow through an unchanged 
stenotic area can account for higher pressure 
gradients. 

The clinical assessment of the severity of 
supravalvar aortic stenosis can be difficult. In con- 
trast with valvar lesions, there is rarely an ejection 
click and often murmur transmission is more 
prominent to the cercival area.’ The electrocar- 
diographic changes of left ventricular hypertrophy 
are present only with severe obstruction.’ Doppler 
assessment of supravalvar aortic stenosis is probably 


reliable, but has not been studied extensively in 
patients with Williams’s syndrome. Cardiac cath- 
eterisation remains the most valuable diagnostic 
technique for assessment of this lesion. This must be 
done with care, however, as patients with Williams’s 
syndrome and widespread vascular or coronary 
involvement can be at increased risk of unexpected 
death at catheterisation.° 

Our data also indicate a strong probability that 
peripheral pulmonary stenosis in Williams’s syn- 
drome will improve spontaneously. Decreasing right 
ventricular pressures with age have been reported 
before, and these were thought to be caused by 
transient obstruction of the right ventricular outflow 
tract.* We found that pressure in the main pulmonary 
artery was high on initial catheterisation, and this 
suggests more distal obstruction. 

In two of the three patients with the most impres- 
sive decreases in right ventricular pressure the 
gradient from the left ventricle to the aorta increased 
over the same period. This ‘“‘self-correcting” 
pulmonary arterial behaviour contrasts with the 
“progressive” aortic behaviour. Further investiga- 
tion of possible mechanisms may assist efforts to treat 
other forms of pulmonary hypoplasia. Certainly, 
with the availability of dilatation procedures’ and 
vascular stents" for treatment of arterial obstructions, 
knowledge of lesions that may improve spon- 


Williams’s syndrome: natural course 
taneously is most important. 


We thank Mrs Sherrin. Markiewich, Dr G W Vick 
Ill, and Dr A N Pelech for their assistance in 
preparing this paper. 
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SUMMARY Complete congenital heart block is associated with the presence of maternal auto- 
antibodies to small ribosomal nucleoproteins (such as anti-Ro) which cross the placenta and may be 
deposited at the site of cardiac damage. Ten such cases of congenital heart block, their mothers, and 
their siblings were studied. The seropositive mother of one case had a similar conduction defect 
(bifascicular block) to that in her affected child. None of the siblings examined had cardiac lesions. 
Six mothers had Ro or La antibody five to 17 years after the birth of the affected child. Four 
mothers examined 11-32 years after the birth of an affected child were seronegative. Three of these 
mothers had evidence of a connective tissue disorder. This evidence is consistent with a hypothesis 
that a maternal viral infection, associated with autoantibody production, leads to virus crossing the 
placenta, damaging the fetal heart, and eliciting local deposition of maternal antibody. 


The development of complete congenital heart block 
is associated with the transplacental passage of 
maternal autoantibodies directed at small ribosomal 
nucleoproteins.!? Most mothers who give birth to an 
affected infant have anti-Ro or the related anti-La 
serum antibody, as do their infants up to three 
months after birth.'°* Immunoglobulins thought to 
be of maternal origin were found at the site of cardiac 
damage in one baby who died three days after birth.” 
A mother who gives birth to such an infant may or 
may not have a connective tissue disease at the time, 
but 30-60% of these women will develop such an 
illness subsequently.” There are, however, several 
unanswered questions—for example, what is the risk 
of subsequent offspring being affected? Are the two 
sexes at equal risk (affected males tend to have 
complete congenital heart block only while affected 
females show other stigmata of the neonatal lupus 
syndrome’), and, because the antibody seems to 
produce such severe damage to fetal myocardium, 
what is its long term effect on adult heart tissue? 

To try and answer these questions we investigated 
10 individuals who had this isolated cardiac 
abnormality and their mothers. 


Requesta for reprints to Dr Wilhelmina M H Behan, Department 
of Pathology, Western Infirmary, Dumbarton Road, Glasgow 
GH ONT. ; 


Accepted for publicapon 9 May 1969 


320 


Patients and methods 


CASES OF COMPLETE CONGENITAL HEART BLOCK 
Table 1 gives the clinical details of the 10 cases (five 
male and five female patients). Six of them had had 
permanent pacemakers inserted. One was diagnosed 
in utero, four were identified in the neonatal period, 
and the others at ages from 18 months to 20 years. 
They are currently 5—32 years old. 


DETECTION OF ANTIBODIES 

Serum samples were stored at — 70°C until use and 
then heat inactivated before testing. Antinuclear and 
anti-DNA antibodies were sought by standard 
indirect immunofluorescence techniques, with rat 
liver and Crithidia luciliae. as the respective 
substrates.°’ Rheumatoid factor was assayed by a 
commercial latex agglutination test (Rheumaton) 
followed with an enzyme linked immunoadsorbent 
assay of positive samples for IgM. Antibodies to 
soluble cellular antigens were detected by means of 
saline extracts of human spleen (a potent source of Ro 
antigen and the other nucleoprotein complexes—-Sm 
and nuclear ribosomal nucleoprotein (nRNP)) and 
fresh calf thymus (for the detection of La (SS-B)), 
prepared as described.* The serum was screened first 
by double immunodiffusion and then by counterim- 
munoelectrophoresis.? Known control antisera were 
incorporated; all positive results were confirmed by 
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Table 1 Clinical data on 10 cases of complete congemtal heart block 

Patient 
Data i 2 3 4 S 6 7 8 9 10 
Sex M F M M F F M M F F 
Age at diagnosis Neonate Neonate Neonate Inutero 18mnth 5yr Neonate 3yr 20 yr 17 yr 
Pacemaker inserted Yes Yes Yes No Yes No No No Yes Yes 
Present age (yr) 5 7 10 10 17 12 16 17 21 32 





the demonstration of a complete reaction of identity 
with one of the positive controls, obtained with the 
help of Dr P J Maddison, Dr G R V Hughes, and the 
Center for Disease Control, Atlanta; the center also 
supplied anti-La, anti-nRNP, and anti-Sm antisera 
(antisera to related nuclear antigens). Control sera 
were obtained from a group of 40 pregnant women, 
age-matched for the mothers tested. 

The Ouchterlony plates were examined at 24, 48, 
72, and 96 hours. The counterimmunoelectro- 
phoresis plates were left overnight at room 
temperature, then washed in 5% citrate for four 
hours, in saline for 48 hours, and stained with 
Coomassie blue. 


Results 
Table 2 shows the results of examining the mothers. 


Their ages at the time of birth of the affected child 
ranged from 22 years to 43 years. They are currently 


from five to 32 years older. Five have a connective 
tissue disease (1 dermatomyositis and 4 rheumatoid 
arthritis). The mothers of cases 1 and 5 developed 
severe dermatomyositis and rheumatoid arthritis 
respectively before any of their children were born. 
The other mothers (of cases 8, 9 and 10) developed 
arthritis after the birth of the affected infant. The 
mother of case 7 had rheumatic fever aged 12 years 
and since then has taken prophylactic antibiotics 
before any dental procedure. 

Only the mother of case 1, who has been taking 
prednisolone 5 mg per day for the past 12 years, 
complained of cardiac symptoms—she had exer- 
tional dyspnoea. Detailed questioning elicited no 
complaints from the other mothers. None was hyper- 
tensive. Eight underwent electrocardiography and 
echocardiography. The mother of case 8 was too 
anxious to attend for investigation while the mother 
(aged 71 years) of case 10 had fallen and was unable to 
attend the hospital. 


Table2 Data on the mothers of 10 cases of complete congenital heart block 





Mother of case: 
L 2 3 4 
Mother’s age at 27 29 25 31 
birth of affected 
child 
Mother’s present 32 (5) 38 (7) 35 (10) 41 (10) 
with interval 
8 the birth in 
brackets 
Maternal illnesses Dermato- — — — 
myositis 
for 15 yr 
Cardiac findings/ Exertional — — — 
symptoms dyspnoea 
Blood pressure 130/80 110/80 130/80 150/95 
(mm Hg) 
Electrocardiogram Normal  Bifas- Normal Normal 
and cicular 
echocardiogram branch 
block 
Anubodies present Ant-Ro, Anti-Ro Anti-Ro, Ant-Ro, 
to Ro, La, ANA RhF +ve ANA 1/64, 
antinuclear 1/1000, RhF +ve 
(ANA), RhF +ve, 
rheumatoid 
factor (RhF) IgM 1500 


units/ml 


5 6 7 8 9 


22 25 39 43 25 39 
39 (17) 36 (11) 55 (16) 60 (17) 46 (21) 71 (32) 
Mild — Rheumanc Moderately Rheuma- Rheuma- 
rheumatoid fever aged severe tord tod 
arthrıng 12 yr. arthritis arthritis § arthritis 
for 18 yr Healthy forlOyr forayr for 15 yr 
since then 
120/70 110/70 145/90 Notdone 124/90 Not done 
Normal Nonnal Normal Notdone Normal Notdone 
Anti-Ro None Anu-La, None, None, None 
ANA RhF +ve RhF +ve 
1/1000, 
anti-DNA 
+ve 
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Table3 Family relationships in individuals anth complete congenital heart block 





Case No 
1 a 3 4 5* 6* 7 8 o* 10 
Present age (yr) 5 7 10 10 17 11 16 17 21 32 
Birth order Youngest Second Younger Younger Elder Elder Youngest Youngest Third Youngest 
of 3 of 3 of 2 of 2 of 2 of 2 of 3 of 6 of 4 of 3 
Siblings Sister Brother Sister Brother Brother Sister Brother Sisters Sister Brother 
aged 11. aged10. aged13 agedi3 aged16 aged8 aged 28 33, aged 26, aged 43, 
Brother Brother Brother 31,and27 then still- then 
aged 10 aged 18 aged 25 yr, then born miscarnage 
math mi . anence- 
Brother phalic. 
aged 23 Sister 
aged 20 
*Subsequent normal delivery. 


The only abnormality detected was in the mother 
(aged 38) of case 2, who was a non-smoker and who 
had partial right bundle branch block with left axis 
deviation. She had no evidence of ischaemic heart 
disease. Five mothers had Ro antibody, when tested 
five to 17 years after delivery and one had La 
antibody, at 16 years after delivery. Four mothers, 
examined at 11 to 32 years later, were seronegative. 
Two years previously the same results had been 
found. Six mothers had a connective tissue disease 
with positive serology. The mothers of cases | and 7 
had high titres (1/1000) of antinuclear antibodies, 
and the mother of case 7 also had DNA antibodies, 
indicative of systemic lupus erythematosus. Five 
mothers (of cases 1, 3, 4, 8, and 9) had sera positive 
for rheumatoid factor. None had antibodies to the 
related extractable nuclear antigens, Sm or nRNP. 

The affected individuals (cases 5 to 10) were 
themselves tested for the same panel of antibodies 
and were, as expected, all negative. 

Table 3 shows the family relationships. Each case 
of congenital heart block had one or more siblings. 
The older ones had been examined by a cardiologist 
at the time the index case was diagnosed and none 
was found to have any evidence of cardiac disease. 
Four families had children born after the affected 
child, from one to eight years later, and all of these 
had undergone cardiac evaluation with electro- 
cardiograms and had been found to be normal. The 
other six patients were the youngest in their families; 
the births of three of them were preceded by mis- 
carriages. 

We looked at three generations in the family of one 
patient (case 9) who was herself seronegative as 
expected. She recently gave birth to a healthy son. 


Discussion 


Complete congenital heart block is a rare cardiac 
lesion, occurring as an isolated finding in approxi- 


mately 15 of 20 000 live births,” but it accounts for 
one in 200 referrals to specialised cardiac centres and 
is of considerable importance since those affected 
require lifelong cardiac supervision, usually with the 
insertion of a series of pacemakers. Although the 
condition was originally described in 1901" and the 
first case of an affected infant with a mother who had 
systemic lupus erythematosus was reported in 1945," 
it was not until 1977 that the consistent relation of 
this heart lesion to maternal connective tissue disease 
was established.” Weston et al then suggested that 
the SS-A (Ro) antibody might be a serological 
marker for the neonatal lupus syndrome, including 
congenital heart block.’* The suggestion was quickly 
confirmed by work showing that 34 of 41 mothers 
who had an affected infant had anti-Ro serum 
autoantibody, as did seven of eight of their infants.' 
Half of the mothers also had the related La antibody,’ 
which may be exclusively associated with Ro but no 
other autoantibodies.’ Since then, it has been 
postulated that the maternal autoantibody actually 
causes the cardiac damage, because maternal 
immunoglobulin, with or without complement, was 
found in the hearts of affected infants.” ” 

Two questions immediately arise. What is the risk 
to the child of a mother who is seropositive for anti- 
Ro and what may be the long term effect of the 
antibody on the mother herself? In attempting to 
answer them, we concluded that the antibody itself 
cannot be the damaging agent although it may 
provide a clue to the pathogenesis. 

Our group of mothers was typical of those 
previously described, with specific antibodies in six 
mothers and three of the four seronegative women 
having developed a connective tissue disease. They 
were tested 11-32 years after the birth of an affected 
child, which may explain their seronegativity. One 
mother did not have any positive immunological 
results but she is only 36 years old. 

An unexpected finding, not previously recorded in 
any such mothers, was that of partial right bundle 
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branch block with left axis deviation, indicating 
bifascicular conduction damage, in the mother of 
case 2. She was an energetic, normotensive woman of 
38, a non-smoker, with no evidence of ischaemic 
heart disease but this result showed that she had 
evidence of conduction damage similar to that of her 
middle son. None of the other seven women had any 
abnormality, although the connective tissue dis- 
orders, which four of them had, are known to be 
associated with such cardiac lesions. These were 
dermatomyositis,’*"” rheumatoid arthritis,” and sys- 
temic lupus erythematosus.” It is plain, therefore, 
that even in predisposed mothers, the Ro antibody 
may be present for up to 17 years without causing any 
injury to the maternal conduction system. 

As for the risk to the child of a seropositive mother, 
all our cases had unaffected siblings—older, younger, 
or both. Four children, the younger siblings of cases 
2, 5, 6, and 9 were undoubtedly exposed to maternal 
Ro antibody, while others (of cases 1, 8, 9, and 10) are 
likely to have been at risk. The mother of case 1 had 
had severe dermatomyositis (a disorder in which Ro 
antibodies may appear’’) since before the birth of any 
of her three children, while the other mothers were 
each delivered of a stillbirth immediately before the 
birth of their affected infant. Ro antibody is un- 
doubtedly associated with fetal loss.'* In summary, 
the ten mothers had a total of 30 pregnancies with at 
least 18 fetuses exposed to Ro antibody: 10 developed 
heart block, three died, and five were unaffected 
healthy infants. 

Similar anomalous findings have been reported 
before. They include the birth of dizygous twins, one 
affected and one not, and three healthy mother and 
infant anti-Ro seropositive pairs among 300 ran- 
domly selected pregnancies.’ ?! The explanations 
advanced previously have included possible fluctua- 
tions in antibody titre, differing maternal-fetal 
histocompatibility antigens’ ” and a hormonal effect, 
because female infants are more commonly affec- 
ted,°* but none of these has been substantiated. 

The most telling facts against Ro antibody being 
the cause of the damage, however, are that first, the 
antigen against which it is directed is present not only 
in cardiac conduction tissue but in virtually every 
mammalian cell,” including fetal tissue at 16-18 
weeks’ gestation” (the earliest stage at which heart 
block has been detected). Secondly, since Ro is 
intracellular it should not elicit an immunemediated 
attack—although there is a possibility that it could 
appear on Purkinje cell membranes at a critical 
developmental stage.™ 

We would like to suggest a simple explanation for 
the anomalies in our study and those of others, 
namely that, before or during the early stage of 
pregnancy, the mother sustains a mild, perhaps 
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unrecognised viral infection, to which she produces 
Ro or La antibodies. The virus crosses the placenta 
and damages the infant myocardium while specific 
maternal antibody, algo crossing the placenta, local- 
ises in the same area. The infection in the child is self- 
limiting but it may persist in the mother so that a 
series of infants are affected. The mother’s own heart 
may also be damaged (see case 2). An obvious viral 
candidate is a Coxsackie virus, since these viruses are 
common causes of myocarditis,” show considerable 
sequence homology with certain intracellular 
proteins,* and may persist in connective tissue 
diseases—for example dermatomyositis” (see case 1). 
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Crisis in cardiovascular research in Britain 


MF OLIVER 


From the Cardiovascular Research Unit, University of Edinburgh 


The central theme of this commentary is that in 
Britain over the past ten years progressively fewer 
committed research graduates, medical and non- 
medical, have been attracted to a career in cardio- 
vascular science and that those of us who ought to be 
able to provide opportunities commensurate with the 
aspirations of these graduates are failing to do so. 
Many will find my analysis depressing. 


Medical science today 


There is a dearth of clinical scientists both in the 
United Kingdom and in North America. Why should 
this be? 

Is it possible that fewer people are graduating from 
our medical schools with a sustained sense of inquiry 
and excitement in medical science? The examination 
grades demanded by most medical schools for entry 
into medicine have remained very high or have 
increased over the past two or three decades and there 
can be no doubt about the potential of most students. 
But their purpose in choosing medicine may be 
different now from 10 and more years ago and relate 
more to the security and social acceptability of being 
a doctor than to the less easily identifiable aim of 
asking and pursuing questions relating to disease. 
Alternatively, more of those who are stimulated by 
the unknown may be opting during school years for a 
career in the biological, molecular, or physical scien- 
ces, where the rapidity of advances and opportunities 
to participate in them may appear to those in their 
teens to be greater. Or perhaps science as a whole and 
its technology have become more suspect and are 
trusted less—-with softer social issues appearing 
ideologically more attractive. 

The weight of facts to be learned in medical school 
and the continuing rigidity of their teaching may so 
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concuss many students that they find it hard to 
develop any independent or personally original ideas. 
The decreasing enthusiasm for intercalated courses 
in basic or paraclinical sciences is a measure of this. 
Whether an MB/PhD programme, currently being 
favoured by some in academic medicine, is an answer 
remains to be seen. In the future these courses are 
bound to provide a better scientific background than 
many young doctors currently have, but this may not 
attract them into clinical science. The American 
experience suggests that a larger proportion of those 
who complete their MD/PhD programmes may go 
on to pursue a career in basic science or join the 
pharmaceutical and other industries than those who 
remain in clinical medicine. 

Then there are powerful competing forces. Newly 
qualified doctors are understandably seduced away 
from clinical science by the security and higher 
salaries offered by the National Health Service’; 
extra units of medical time for on-service rotas may 
increase the income of a registrar in his or her late 
twenties to double that of a university clinical 
lecturer. The enticement of private practice is an 
increasingly strong negative force. Industry, where 
research is mostly prescribed, has captured a few 
imaginative people but probably does not present a 
big challenge to the more academically minded. 
Then there are important areas in our profession, 
such as general practice, that take others away from 
scientific medicine. 

The very demanding and heavy clinical service 
load is of course the most potent influence that 
thwarts the development of investigative interests. 
The busy registrar or young consultant who is 
inspired to ask “why” needs to have considerable 
passion to pursue their question in the face of this 
load, And too many flirt with academic medicine to 
improve their curriculum vitae as a means of further- 
ing a future service career. 

Added to all this, government funding of research 
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in Britain is declining in real terms and looks set to 
decline further.” Successive government reports, 
including the recent White Paper, indicate that many 
politicians are either ignorant or dismissive of the 
needs of academic medicine and of clinical science. 
Hence the recent formation of the Academic 
Medicine Group.’ 


Cardiovascular science 


A seduction factor that is less well recognised and 
that operates particularly against research into 
cardiovascular science is the demand of diagnostic 
and therapeutic technology. As Krikler recently 
pointed out‘ the early technical advances were crucial 
in starting to separate cardiology as a subspecialty in 
medicine. Many young graduates become interested 
in and expert in complex instrumentation solely 
because of the need to provide an up to date service. 
Excellent’ ‘though this may be, the use of new 
technology should not be allowed to become a 
purpose on its own—or the tail that wags the dog. 
While there.are some impressive examples of produc- 
tive and innovative clinical studies based on cardiac 
catheterisation, angiography, echocardiography and 
Doppler echocardiography, and radionuclides, most 
of these ‘techniques are necessary routines that take 
up an inordinate amount of the time and distract 
young doctors from developing their research 
interests. Sir Thomas Lewis, who described the role 
of clinical science,’ knew this and wrote in 1920 “Let 
the knowledge of disease be built up by means of such 
instruments”.® He also wrote “‘the special method is 
for the investigator into pathological processes; it is 
not for the pure clinician”. There is an even greater 
need now to heed these views of nearly seventy years 
ago. Clinical diagnostic technology should be used 
more to formulate and explore new ideas. 

The number of really able young cardiac scientists 
—men and women formally trained in cardiology 
and also in basic or applied science—seeking senior 
lectureships and chairs in cardiovascular disease has 
fallen in the past decade.’ While this probably results 
from the seduction factors already described, the 
paucity of science based fellowships and of funds to 
support programme grants must share the blame. 
Senior cardiologists may also be at fault in not 
providing an appropriate atmosphere for innovative 
investigation. Some who read this article will rightly 
deny this charge, but many cardiologists in teaching 
hospitals are and have been too taken up with 
administration or their clinical service to encourage 
their younger colleagues into cardiac scientific 
inquiry. A broader range of senior positions should 
attract more people into an academic career and this 
relates to the need for a career structure (see later). 


Oliver 


In the postwar years, the strength of academic 
cardiology in Britain lay in the fine training available 
in physiology and electrophysiology and, to a lesser 
extent, in pharmacology. A training in biochemistry 
was rare. For all its earlier strengths this emphasis on 
physiology has been one of the weaknesses of cardiac 
science in the 1970s and 1980s. The cardiac catheter 
laboratory became and remains too dominant. As a 
consequence, many have failed to recognise and 
embrace the revolutions occurring in the biochemical 
understanding of disease and the opportunities 
offered by cell biology, molecular medicine, and the 
new genetics. These have outpaced and are outpacing 
academic cardiology, but their integration into 
cardiovascular science is essential if we are to reduce 
and treat heart disease successfully. For cardio- 
vascular science to advance, there must be new 
generations of enthusiastic investigators trained and 
skilled in these topics and willing and able to 
overcome traditional barriers between research and 
clinical specialties. Cardiology may not be an 
academic subject, but there must be some who are 
excited enough to span the increasing gap between 
the new biological sciences and routine patient care. 
It is to such investigators that we already owe the 
dramatic advances of identifying adrenergic recep- 
tors and of developing antagonist and agonist drugs, 
of recognising the functions of endothelium in 
vasomotor control, of devising genetically derived 
thrombolytic agents, of characterising lipoprotein 
receptors and their pharmacological manipulation, of 
recognising the role of the endothelium and macro- 
phages in the development of atheroma, and of 
peroxidation and free radical activity in myocardial 
injury. 

More training opportunities 


A new initiative is badly needed. Resolution of the 
crisis will not result from infusions of soft money: 
these are too temporary and usually related to a 
specific interest of a pharmaceutical company. The 
British Heart Foundation has made the most out- 
standing and imaginative contribution to academic 
cardiology ever seen in Britain, with the establish- 
ment of twelve endowed professorships and univer- 
sity departments and seven personal chairs. It should 
consolidate these by helping to plan the future. The 
recent establishment of three non-clinical research 
fellowships is a start. But what is also urgently 
needed is the creation of more training fellowships to 
expose young doctors to research in cardiovascular 
science. The provision of about 20 fellowships with a 
three year tenure for those between the ages of 27 and 
33 (or thereabouts) should give cardiac science the 
fillip it needs. Such posts should be identified by 


Crisis in cardiovascular research in Britain 


universities through the granting of honorary 
lectureship status and by the Joint Planning 
Advisory Committee. Some posts might be created in 
conjunction with the new Medical Research Council 
initiative. Programmes for training fellowships in 
cardiac science should be moulded to suit the aspir- 
ing interests of the holder, so that he or she may 
spend a year in a “‘research hotel” in molecular 
biology, cell biology, or biochemistry; in a metabolic 
unit; in clinical genetics; in pharmacology; in 
epidemiology and so on—whichever combination is 
appropriate to the individual. The Joint Committee 
on Higher Medical Training, of which I am currently 
chairman, has a flexible and positive policy towards 
unusual training programmes. The Wellcome 
Clinical Research Fellowships are a good model on 
which to build, but cardiovascular science needs 
dedicated training fellowships if it is to survive and 
contribute nationally and internationally. 

A career structure is urgently needed for clinical 
scientists and at last—I first wrote about this in 
1977%—the essentiality of this is being recognised 
and has recently been spelt out by the House of Lords 
Select Committee on priorities in medical research’ 
and by the Academic Medicine Group.’ Indeed, this 
is regarded as “the most urgent requirement for 
revitalising British academic medicine’’.”° A career 
structure for clinical scientists and an expansion of 
posts comparable to “new blood lecturers” is a 
national need, and cardiac science is crying out for its 
share. The British Heart Foundation could also do 
much to advance this cause by establishing a few 
more tenured senior lectureships or more permanent 
senior research fellowships. These would act as the 
goal for those in training. 

The future of cardiovascular science is no less 
exciting than it was 40 years ago. Think of the great 
innovations in cardiovascular disease that have taken 
place over the past 20 years largely by breaking 
orthodox boundaries of clinical research. Think of 
the richness of current and future questions to be 
addressed in atherosclerosis, the formation of and 
dissolution of intravascular thrombi, cardiac hyper- 
trophy, myocardial metabolism, myocardial is- 
chaemia, hypertension, and so on. There is no lack of 
questions for cardiac science. But we have to have the 
will to provide for future generations to invest their 
intellects and resources in it. All these questions need 
a positive and imaginative approach and require the 
participation of cardiovascular scientists—parti- 
cularly of medically trained individuals who can pose 
and develop the questions along with basic scientists. 
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We must sustain the enthusiasm of talented post- 
graduates for embarking on such ventures, provide 
them with appropriate training opportunities, and 
pay them commensurately with other branches of 
medicine. I do not believe that there will be only afew 
takers. If I am wrong, the next generations of 
cardiologists will comprise skilled service physicians 


and superb graduate technicians. This will not be 


enough to reduce the toll of heart diseases. Nor will it 
be enough to provide the necessary education in 
developing areas of cardiovascular science. Nor will 
excellence in clinical service be maintained. My 
appeal is for more to take up cardiovascular science as 
part of their training, for greater opportunities to be 
provided to gain scientific learning in subjects related 
to heart diseases, and for academic cardiology to be 
re-established as a keystone for advancing 
knowledge. If it is not, British cardiology will no 
longer be innovative. 


I thank Dr Arthur Hollman for leading me into the 
views of Sir Thomas Lewis and Sir James Mackenzie 
regarding new methods and clinical practice. 
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Notices 


British Cardiac Society 


The Annual General Meeting will take place in 
Torquay on 22 to 25 May 1990. 


Correction 


Right ventricular infarction: diagnostic accuracy 
of electrocardiographic right chest leads V3R to 
V7R investigated prospectively in 43 consecutive 
fatal cases from a coronary care unit Henning Rud 
Andersen, Erling Falk, Dorthe Nielsen—We regret 
that there is an error in this article published in the 
June issue (volume 61: pages 514-20). On page 518 
the body of table 4 was printed incorrectly and should 
have read: 


Aortic valve surgery 


Aworkshop on New Trends in Aortic Valve Surgery 
will be held in Riyadh on 17 and 18 January 1990. For 
further information contact Department of Car- 
diovascular Diseases, King Faisal Specialist Hospital 
and Research Centre, PO Box 3354, Riyadh 11211, 
Saudi Arabia. FAX (966-1) 441-4839. 


Table 4 Diagnostic accuracy (%) of right chest leads in 16 patients with electrocardiographte posterior UE Infarct 


was examined at necropsy 
Sensitivity Specificity 
ST elevation 
> 1 mm in leads 
V3R 64 (31-89) 80 (28 99) 
V4R 73 (39-94) 80 ree 99 
V5R 64 (31-89) 100 (48-100 
V6R 73 (39-94) 100 ERT 
V7R 91 pares 100 (48-100 
Q wave in V3R 36 (11-69 80 2 99 


Numbers in parentheses are 95% confidence intervals. 


Positive Negative 

predictroe valus predictive value Efficiency 

88 ie 99) 50 EA 69 853) 
89 (52- 99) 57 FEN 75 (48-93) 
100 (59-100) 56 (21-86 75 a 
100 ee 1008 63 (24-91) 81 (54-96 
100 (69-100: ) 94 (70-99 
80 (28- 99) 36 (11—69 50 (25-7 
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Changes in the flow properties of white blood cells 
after acute myocardial infarction 


G B NASH, B CHRISTOPHER, AJ RMORRIS,+t JA DORMANDY* 


From the Departments of Haematology,+ Medicine, and * Surgery, St George’s Hospital and Medical School, 
London 


SUMMARY Because they can obstruct blood vessels and release noxious substances, white blood 
cells may contribute to the development of tissue ischaemia. The flow properties of white cells were 
tested after myocardial infarction, by measuring the filtration rates of cell suspensions through 
8 um pore filters. Compared with mononuclear cells from age matched controls, mononuclear cells 
from patients with infarction showed impaired filterability within the first day after the onset of 
pain; this condition persisted for at least two days and by day 10 it was improved. On day 1, 
granulocyte filterability and the proportion showing morphological evidence of activation were 
nearly normal. By day 3 the flow resistance and activation had increased, but the changes seen 
depended on the age of the patient. The filterability and activation of granulocytes from patients 
aged <60 were significantly increased from day 1, whereas there were no changes in granulocytes 
from patients aged >60 years. Suspensions of unfractionated white cells showed changes 
intermediate between the mononuclear cells and granulocytes. A group of five patients who 
presented with chest pain but who were subsequently found not to have had an infarction showed 
no evidence of abnormal filterability or activation. The changes in filterability probably reflect 
white cell activation, which may have an adverse effect on the perfusion of the ischaemic 
myocardium. 


It has been suggested that white blood cells, and 
neutrophilic granulocytes in particular, are major 
mediators of myocardial injury induced by 
ischaemia.’ When they are activated in the micro- 
circulation these cells cause extensive tissue damage, 
for example by releasing oxygen free radicals and 
lysosomal enzymes.?* Neutrophils would be expec- 
ted to invade the ischaemic myocardium as part of the 
inflammatory response, but they also become entrap- 
ped in capillaries in the early stages of myocardial 
infarction,‘ and this response may be detrimental. In 
animal models of the ischaemic heart the role of white 
cells in mediating myocardial damage was suggested 
when infarct size was reduced if blood was depleted 
of white cells** or if lipoxygenase metabolism of 
arachadonic acid (to form leukotrienes) was 
inhibited.’ 
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A rheological mechanism may contribute to the 
trapping of white cells and to propagation of tissue 
injury. White cells are much more resistant to 
deformation than red cells and their entry into 
capillaries can take several seconds, giving rise to 
intermittent plugging even in the normal circu- 
laton.’ In animal studies when the perfusion pres- 
sure is lowered they become entrapped in the micro- 
circulation of skeletal muscle causing prolonged 
disturbance of flow.’ Similar events were seen during 
experimental myocardial ischaemia in the dog. The 
capillaries became plugged by white cells, mainly 
granulocytes, and these were not dislodged by reper- 
fusion.‘ Furthermore, reperfusion increased the 
number trapped, possibly owing to activation of 
newly arriving cells by factors released by reaction of 
the earlier white cells with the endothelial wall.” 
Activated cells had altered adhesive and mechanical 
properties,*"" which increased their tendency to 
block narrow vessels. Therefore, in ischaemia there is 
a potential for the establishment of an ischaemic 
vicious cycle of cell trapping and activation, endo- 
thelial damage with release of chemotactic factors, 
and further activation and trapping of new cells. 
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To investigate this possibility we measured the 
flow properties of white cells at intervals after 
myocardial infarction in patients. Previous studies 
have shown that the white cells of patients with 
severe ischaemia of the leg have abnormal flow 
properties attributable to activation by factors 
released by the ischaemic tissue. A similar process 
of cell activation and rheological alteration might be 
found after more acute myocardial ischaemia. 


Patients and methods 


PATIENTS AND BLOOD SAMPLING 

Thirty patients were initially studied on the morning 
after admission to hospital with severe chest pain and 
a presumptive diagnosis of acute myocardial infarc- 
tion (day 1, average time after start of pain = 18 
hours). The diagnosis was confirmed in 25 of the 
patients by typical electrocardiographic changes and 
at least a twofold rise in the serum concentrations of 
cardiac enzymes; the other five had not had an 
infarction as judged by these criteria. Measurements 
were repeated two days later (in 21 patients with 
confirmed infarction and in five without) and ap- 
proximately one week later (in 15 patients with 
confirmed infarction only). The age range of the 
patients was 34-88 years (mean (SD) 61 (11)). Fifteen 
age matched controls aged 36-92 (mean 56 (16)) were 
studied once. On every occasion, 20 ml venous blood 
was drawn and anticoagulated with edetic acid (1:5 
mg/ml). Measurements were started within two 
hours of collection of the sample. 


SAMPLE PREPARATION 
Suspensions of white cells were prepared and their 
filterability was measured by a method described in 
detail elsewhere.” Briefly, unfractionated white cells 
were separated from 10 ml whole blood by sedimen- 
tation under gravity. After sedimentation, a small 
fraction of these cells was fixed in 1% glutaraldehyde 
for subsequent morphological examination. At the 
same time, 10 ml blood was fractionated by centri- 
fugation on two density gradients. The separated 
fractions, mononuclear cells (mixed lymphocytes 
and monocytes) and granulocytes, and the unfrac- 
tionated cells were washed twice in phosphate buf- 
fered saline (Dulbeco A, Oxoid, London) plus 5% 
plasma and 1g/l glucose, resuspended in this 
medium, and counted. The cell concentration was 
then adjusted to 5 x 10*/ml and filtration 
measurements were carried out immediately. After 
filtration, the remaining granulocytes were fixed 
with glutaraldehyde. 

White cell counts and differential counts were 
made on a Coulter Counter model S plus IV; whole 
blood differential counts were done on stained blood 
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films. Fixed unfractionated white cells and granu- 
locytes were examined by light microscopy and the 
percentage with pseudopodia or cytoplasmic 
irregularities was counted. These non-spherical cells 
were classified as “‘active’’. 


FILTERABILITY MEASUREMENTS 

Filterability was tested by measuring the flow rate 
of cell suspensions through filters (Nuclepore, 
Pleasanton, CA) with nominal pore diameters of 
8 um (actual mean diameter 7-2 um; manufacturer’s 
data). A St George’s Filtrometer (Carri-Med, 
Dorking) was used, with a constant driving pressure 
equal to 3 cm of water. The device measures the flow 
rate of the suspension as a function of the volume 
filtered. The flow rates are expressed relative to the 
flow rate of the cell free suspending medium, which 
was separately tested for each filter. 

Three flow variables were derived as previously 
described”: the initial relative flow rate (extent of 
initial, rapid fall in flow rate), the slow particle 
resistance (subsequent rate of decrease in flow, 
percentage/ml), and the relative flow rate after 1 ml 
of the sample had been filtered. Theoretical con- 
siderations suggest that the initial relative flow rate 
characterises the flow resistance of the main popula- 
tion of rapidly flowing cells and the slow particle 
resistance characterises a small subpopulation of 
slowly flowing cells. The flow rate after 1 ml 
represents the contribution from both these types 
and also from any cells that permanently block the 
filter pores. 


STATISTICAL ANALYSIS 

Group means were compared by a two tailed 
Student’s ¢ test, and between group measurements 
made at different times by two tailed paired t tests. 


Results 


White cell filterability was measured on days 1, 3, 
and 10 after acute myocardial infarction. The filter- 
ability of granulocytes and of unfractionated white 
cells was lower on day 3 than on day 1; it was 
improved again on day 10 compared with day 3. 
Monocyte filterability was equally reduced on days 1 
and 3 and improved on day 10. These trends were 
seen in each flow variable. Figure 1 shows the results 
for the slow particle resistance, which also shows data 
for controls and for five patients who presented with 
chest pain but who showed no enzymatic or electro- 
cardiographic evidence of infarction. These patients 
had normal white cell filterability on day 1 and no 
significant change on day 3. 

Table 1 compares the white cell filterability 
measured for patients on day 3 with that of controls. 
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Fig1 Variation m white cell filterabslity with time 
after onset of pain for patients with acute myocardial 
infarction (@ ) and patients with chest pain but no 
infarction (© ). Data on slow particle resistance are 
shown as the mean (SE) for (a) unfractionated white 
cells, (b) granulocytes, and (c) mononuclear cells. 
Broken lines (~-——-—-- ) are range of mean (SE) 
for controls. 


Patients with infarction had impaired filterability for 
each type of white cell preparation, with the trend 
present in all variables (initial relative flow rate 
decreased, slow particle resistance increased, and 
relative flow rate after 1 ml decreased), Some abnor- 
malities were also evident on day 1: for unfraction- 
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ated white cells the abnormalities were statistically 
significant (p < 0-05 for each flow variable) although 
smaller than on day 3; for the mononuclear cells flow 
impairment was actually slightly greater on day 1 (p 
< 0-01). On day 10, the filterability of granulocytes 
and of unfractionated cells was not significantly 
different from that of the controls, while the filter- 
ability of mononuclear cells had improved but 
remained slightly but significantly abnormal (p < 
0-05). 

Table 1 also shows data for the percentage of white 
cells judged to be active by morphological criteria. 
Patients with myocardial infarction had more active 
unfractionated cells on day 3 than the controls, but 
not on the other days. For granulocytes, the increase 
in the percentage of active cells on day 3 was not 
significantly different from that in the controls. In 
individual patients, however, there was a strong, 
significant correlation for each flow variable on each 
day between granulocyte filterability and the percen- 
tage of active cells (p = 0-0015, r = 0-763; 
p = 0-0001, r = 0-922; p = 0-01, r = 0-659 for the 
different flow variables on day 3). 

The granulocyte response after infarction was 
strongly dependent on the age of the patient. There 
was a significant inverse correlation between age and 
both granulocyte filterability and the percentage of 
active cells. Figure 2 shows day 3 data for slow 
particle resistance and the percentage of active 
granulocytes plotted against age. Initial relative flow 
rate and flow rate after 1 ml showed similar correla- 
tions. The correlations were present but less pro- 
nounced on days 1 and 10 (data not shown). If the 
patients were separated into those aged <60 and 
those aged > 60 years, several differences were seen. 
Figure 3 shows the trends for slow particle resistance. 
Patients over 60 years had nearly constant filter- 
ability after infarction, and their flow was not sig- 
nificantly abnormal at any time. The younger group 
started at approximately the same values but con- 


Table 1 Filterability of white blood cells and percentage that are active on day 3 after infarction in 21 patients and in 15 


controls (mean (SD) ) 








Filterability variables 
Imtzal relative flow rate Slow particle renstance (jmi) Relatsve flow rate after 1 ml Acrvwe cells (%) 
Unfractionated cells: 
AMI 0-80 (0 06) 362 (178)* 0 32 o 17)** 28 (14)** 
Controls 083 (004) 238 (62) 049 (007) 13 ¢ 
Granulocytes: 
AMI 082 o - 202 (145)* 0:45 a 23)* 30 go 
Controls 0-84 (003 112 (46) 0-59 (0 12) 20 (20) 
Mononuclear cells: i 
AMI 0-66 (0 12)** 692 (217)** 018 (0-11)** — 
Controls 082 (009) 523 (69) 032 (006) — 





Statistical comparisons are patients v controls: *p < 0 05, **p < 0 01. AMI, acute myocardial infarction. 
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Fig2 Variation in granulocyte properties on day 3 
nth age of patients with an acute myocardial 
infarction. The lines were fitted by linear regression 
There was a statistically sigmficant inverse 
correlation of slow particle resistance and percentage 
of active cells mth patient age {p < 0 01 andr = 
0-80 and r = 0-69 respectively), Broken imes 


(------ ) are range of mean (SE) for controls. 
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Day after infarction 


Fig3 Filterabslity of granulocytes from patients with 
infarctions who were 3 60 years old (O ) and those 

<60 years old (@). Data are mean (SE) for the slow 
particle resistance plotted agarnst the day after mfarction 
(onset of pam). *p < 0-05 for data obtatned on each day 
compared with the previous one. **p < 0-01 for comparison 
of patients > and <60 years old. 
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Table 2 Haematological indices (mean (SD) } after acute 
myocardial infarction 





Tune Whare cell 


after count 
snfarction (10/1) 


Differential (%) 
Granulocytes Lymphocytes Monocytes 


6) 


Day 1 
(n = 25) 119 (3-2)** 80 (10)** 14 (B}* 5 
22 (8** 7 B) 
6 
6 


Day 

(n= 21) 98 (37)** 71 (9)** 
Day 10 

(a = 15) 94 (3-5)* 68 (8)* 


26 (7)* (3) 
Contro! 
(m@=15 70 (15) 62 (1) 


32 (7) (2) 





Stausucal comparisons are between patients and controls. *p < 
005; **p < 001. 


siderable impairment developed by day 3 when each 
flow variable was statistically different from that in 
the controls and older patients. Their filterability 
then improved toward normal values by day 10. 

The correlation between age and the filterability of 
mononuclear cells was less. Patients aged <60 years 
showed a consistently slower flow, but the difference 
was only barely significant (20-033 for the different 
flow variables). In the controls there was an opposite 
tendency towards a lower flow and greater activation 
with increasing age but this was not statistically 
significant. 

Haematological indices were also abnormal in the 
patients (table 2). On day 1 the white cell count and 
the percentage of granulocytes were higher and the 
percentage of lymphocytes was lower than in the 
controls. Subsequently these variables returned 
towards normal. 


Discussion 


We found abnormalities in white cell behaviour after 
myocardial infarction. The granulocyte response was 
delayed and dependent on the patient’s age. Signifi- 
cant impairment of flow developed by day 3 and was. 
then inversely correlated with patient age. Generally, 
patients over 60 years of age showed no changes in 
filterability during the whole measurement period. 
On the other hand, patients aged < 60 years did show 
significantly impaired granulocyte flow on day 3. 
The filterability of granulocytes correlated well with 
the number of “active” cells seen microscopically. 
Thus the changes in flow properties of granulocytes 
probably reflected activation, with this activation 
response being greater in younger patients. 

The flow properties of the mononuclear cells were 
abnormal at the first test. Monocytes are far more 
resistant to flow than lymphocytes, judged both from 
the filterability measurements” and from studies of 
micropipette aspiration.* In vitro, most mono- 
nuclear cells seems to be morphologically active, and 
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are then much more resistant to micropipette defor- 
mation than the “passive” spherical monocytes. 
Thus changes in the filterability of the mononuclear 
suspension may reflect rapid activation of the mono- 
cytes after infarction. However, the ratio of mono- 
cytes to lymphocytes in the mononuclear suspension 
was also increased after infarction because of the shift 
in white cell differential count (table 2). This ratio 
correlated with impaired mononuclear filterability in 
individual patients on day 1 but not on day 3 or day 
10. Also, the ratio returned to normal more quickly 
than the mononuclear suspension filterability. Thus 
the changes in the filterability of the mononuclear 
suspension probably result from a combination of 
monocyte activation and a shift ın the monocyte/ 
lymphocyte ratio. 

Unfractionated mixtures of white cells showed a 
response intermediate between the separated granu- 
locytes and mononuclear cells, as might be expected. 
Again, filterability correlated with the number of 
cells judged to be morphologically active. 

The dependence of the white cell response on age, 
which was pronounced in granulocytes but less 
evident in mononuclear cells, was unexpected and in 
the opposite direction to that found in controls (in 
whom dependence was weak). It was not simply the 
result of previous infarction. When patients who had 
suffered previous infarction were compared with 
those in a similar age range who had not had previous 
infarction, there were no significant differences in 
any of the variables of filterability (data not shown). 
It is possible that the cells from older patients were 
less able to respond to the stimulus of ischaemia and 
tissue damage. Previous studies have suggested that 
the immune response is impaired in older people." 

Activation, margination, and diapedesis of neutro- 
phils occur within 60 minutes of coronary artery 
occlusion in dogs. Margination will raise vascular 
flow resistance and facilitate diapedesis. Capillary 
plugging by granulocytes has been seen on a similar 
time scale of hours.’ Plugging ıs thought to arise at 
first because the reduced perfusion pressure is not 
capable of deforming the white cells sufficiently for 
them to flow through narrow vessels. Thus rapid 
changes in the flow behaviour and activity of the 
white cells may contribute to the early stages of 
ischaemia and tissue damage, and could be important 
determinants of the final infarct size.’ In the present 
study, rheological changes in white cells were seen in 
peripheral blood after infarction. This response 
probably represents a “diluted” version of what 
occurs in the myocardium. Also, those cells which 
were maximally stimulated may have become trap- 
ped and were therefore not detectable in peripheral 
blood. The granulocyte changes were not evident 
until day 3 and this could correspond to the acute 
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phase of the inflammatory response. White cells may 
be involved earlier in the ischaemic process, but this 
was not detectable by our methods. None the less, 
monocyte filterability was altered from an early 
stage. 

Because white cells are able to inhibit flow in the 
microcirculation, the rheological alterations seen 
here may worsen perfusion of the infarcted myocar- 
drum. At the same time they probably reflect func- 
tional changes in the cells, which may take part in the 
initiation and propagation of tissue damage. Thus 
treatment which inhibits white cell activation in the 
early stages of infarction may be beneficial, even 
though the normal white cell response may be 
essential at later stages of healing. 


This work was supported by grants from the British 
Heart Foundation. 
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Effects of xamoterol, a $, adrenoceptor partial 
agonist, in patients with ischaemic dysfunction 
of the left ventricle 


E VIGHOLT-S@RENSEN,* O FAERGEMAN,* H M SNOWt 


From the *Department of Internal Medicine and Cardiology, Amtssygehus, Arhus, Denmark and tICI 
Pharmaceuticals Division, Mereside, Alderley Park, Macclesfield, Cheshire 


SUMMARY The effects of xamoterol (200 mg twice a day) in 21 patients with left ventricular 
dysfunction were studied in a double blind, randomised, crossover, placebo controlled trial with 
treatment periods of four weeks. Most patients had moderate heart failure (New York Heart 
Association class II), all had ischaemic heart disease, a history of a myocardial infarction, and 
symptoms of dyspnoea on exertion. Patients were assessed in terms of exercise duration (bicycle 
ergometer), clinical signs of heart failure, symptoms and activities, and ejection fraction. 
Xamoterol increased exercise duration (mean (SD)) (from 445 (8) seconds to 484 (8) seconds) and 
ejection fraction (from 41-9 (1-3)% to 46-6 (1:3)%) and reduced the signs and symptoms of heart 


failure. 


The results of this study show that xamoterol is a safe and effective treatment for left ventricular 
dysfunction resulting from ischaemic heart disease. 


Treatment of patients with heart failure associated 
with ischaemic heart disease has conflicting goals. 
The use of stimulant drugs can exacerbate ischaemia 
particularly during exercise but the use of drugs that 
depress cardiac function or lower blood pressure can 
exacerbate the symptoms of heart failure. 

Xamoterol is a $, adrenoceptor partial agonist with 
no agonist activity at the B, adrenoceptor.’ The 
overall action of xamoterol is to stabilise the response 
of the heart to sympathetic stimulation such that at 
rest and during low levels of activity the heart 
receives inotropic support and during more severe 
exercise heart rate is reduced.? For these reasons 
xamoterol has been classified as a “‘cardiostabiliser’’.° 

The aim of the present study was to examine the 
effects of xamoterol (200 mg twice a day) in a group of 
patients with moderate heart failure (New York 
Heart Association II) because of ischaemic left 
ventricular dysfunction. 

A preliminary report of this study was made to the 
American Heart Association.‘ 


Requests for reprints to Dr E Vigholt-Serensen, Department of 
Cardiology, Skejby Hospital, DK 8200 Arhus N, Denmark. 


Accepted for pubhcarion 16 May 1989 
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Patients and methods 


PATIENTS 

Table 1 lists the characteristics of the patients. 
Twenty one patients (14 men and seven women; 
mean age 62-2 (range 44-73)) with mild to moderate 
heart failure entered the study. Twenty patients were 
in New York Heart Association class IJ and one was 
in class III. All patients had ischaemic heart disease 
and a history of a myocardial infarction. The main 
presenting symptoms were dyspnoea in 21 patients 
for a mean period of 24-8 months, angina pectoris in 
15 patients for a mean period of 31-5 months, and 
fatigue in 11 patients for a mean period of 16:3 
months. Six patients had had peripheral oedema for 
a mean period of 26:2 months. All patients had 
previous episodes of heart failure with pulmonary 
congestion. The heart was enlarged (cardiothoracic 
ratio > 0-5) in 16 patients. 

Patients were excluded from the study if they had 
severe cardiac failure (New York Heart Association 
class IV); myocardial infarction less than two months 
previously; pulmonary disease causing breathless- 
ness on exercise; sinus tachycardia exceeding 90 
beats/minute; any arrhythmias requiring treatment; 
aortic stenosis; hypertrophic obstructive cardio- 
myopathy; serious renal, haemopoietic, endocrine 
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Table 1 Data on study group 
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Patent No Age (yr) Sex Cardiovascular diagnosts| history (NYHA class) Drug treatment at entry (mg/day) 
1 69 F Cardiac failure (NYHA ID, Glyceryl trinitrate, 
previous myocardial infarcnon, potassium chloride (1146), 
hypercholesterolaema bendrofiuazide (5) 
2 52 M Cardiac failure (NYHA IID, Sorbide dinitrate (80) 
previous myocardial infarction . 
3 72 M Cardhac failure (NYHA ID, Hydrochlorothuazide (50), 
previous myocardial infarction, amiloride (5) 
ventricular aneurysm 
4 56 F Cardiac failure (NYHA ID, Bendrofluazide (5), 
previous myocardial infarction potassium chloride (1146) 
5 54 M Cardiac failure (NYHA ID, Bendrofluazide (5), 
preies myos myocardial infarction, potassium chloride (1146) 
6 68 M cathe g failure (NYHA ID, None 
previous myocardial infarcnon 
7 70 F Cardiac failure (NYHA ID, Bendrofluazide (2 5), 
previous myocardial infarction potassium chloride (573) 
8 61 F Cardiac failure (NYHA ID, Frusemide (40 (40 
previous myocardial infarction potassium chloride (2250) 
9 57 M Cardiac failure (NYHA ID, Frusemide (80) 
previous myocardial mfarction potassium chloride (2250) 
10 70 M Cardiac failure (NYHA II), Bendrofluazide (5), 
previous myocardial infarction opoasum chloride (1146) 
i 44 M Cardiac failure (NYHA ID, ceryl trmitrate (19 5), 
previous myocardial infarction i a de (40), 
potassium chloride (2250) 
12 49 M Cardiac failure NYHA ID; In, Glyceryl trinitrate (19 5), 
previous myocardial afarcn bendrofluazide (5 zide 0); 
angina e (1146) 
13 46 M Cardiac failure NYHA ID, Glyceryl muutrate, 
previous myocardial infarction, frusemide (40), 
hypercholesterolaemia potassium chloride (1500) 
14 n F Cardiac falure (NYHA ID, Hjdrofumethiazide (25), 
previous myocardial infarction otasstum chloride (1146) 
15 69 F ure (NYHA ID, Glyceryl trinitrate (5 2), 
previous myocardial mfarction, bendrofluazide (5), 
ypertension potassium chloride (3396) 
16 73 M Cardiac failure (NYHA I}, Glyceryl trinitrate (6 5), 
previous myocardial infarction frusemide (40), 
potassium chloride (750) 
17 62 M Cardiac failure (NYHA II), Frusemide (80), 
previous myocardial infarcuon potassium chloride (2250) 
18 72 M Cardiac failure (NYHA ID, Frusemide (80), 
previous myocardial ion potassnim chloride (2250) 
19 64 F Cardiac faiture (NYHA IT), Frusemide (40), 
previous myocardial infarcnon potassium chloride (2250) 
20 64 M Cardiac failure (NYHA I), Frusemide (40 
previous myocardial infarction potassium chloride (1500) 
21 64 M Cardiac failure (NYHA IT), Bumetanide (2), 
previous myocardial infarction potassium chloride (2250) 
NYHA, New York Heart Association. 
Xamoterol Xamoterol disorders; or mental problems and inability to com- 
Run sy plete the first three minutes of the exercise protocol; 
7-14 days or concurrent treatment with digitalis, B blockers, 





Visit 1 2 3 4 
Phase I Phase I 
sngle bind double blind 
“Assessments Clinical evaluation, 
echocardiography, 
exercise test, 


symptoms and activities 
Fig 1 Design of study. 


vasodilators (except long acting nitrates), antiarr- 
hythmic agents; or frusemide exceeding 80 mg daily, 
bumetanide exceeding 2 mg daily, or spironolactone 
exceeding 100 mg daily. 


STUDY DESIGN 

The study had two phases (fig 1). After selection at 
visit 1, patients entered phase 1, a single blind 
placebo period of seven to 14 days. Baseline assess- 
ments were carried out at visit 2. This was followed 
by phase II, which consisted of two double blind 
randomised treatment periods (placebo and 
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Please ask the patient the following questions and tick (Y) the appropriate box. 


Do you find that 


you suffer from: A littla of 


Never 


Tiredness 


Breathlessness 
Cheat Pain 


Palpitations 


No 
difficulty difficulty 
1 2 
Very 


ulskly Quickly 
Th [fe 


No 
difflaulty 
De you find that you can 
do your dally tasks with: 2 


Do you find that 
you can walk with: 


Do you find that 
you can walk: 


A litte 
dittleulty 


Quickly 
De you find that you can 
do your dally tasks: 


A Ilttle of 
the time 
Do you feal 
weapy/miserable/low. 


Do you find that your 
confidence Ia: 


Do you find that your 
sleeping Is: 


xamoterol) of four weeks in a crossover design, with 
assessments at the end of each period (visits 3 and 4). 
The dose of xamoterol was 200 mg twice a day. 
Concurrent treatment was maintained throughout 
the study (table 1). On entry to the study seven 
patients were taking nitrates for relief of angina 
pectoris and 20 patients were taking diuretics. One 
patient (case 6) was not taking any concurrent 
treatment. 

The protocol was approved by the ethics commit- 
tee of the Amtssygehus Århus and the study was 
conducted in accordance with the Declaration of 
Helsinki (1964). Each patient gave verbal consent to 
be included in the study. 


ASSESSMENTS 

Assessment of the patients at visit 2, 3, and 4 included 
the following: 

Climcal examination.—Patients were examined by 
auscultation of the heart and lungs and for the 
presence of peripheral oedema, raised jugular venous 
pressure, and hepatomegaly. 

Symptoms and activities-—~The patient’s “quality of 





A good part 
of the time 


All or most 
of the time 


Noticeable 
ditflculty 


3 
At a medium 


ace 
mE 
Noticeable 
difficulty 


3 
At a medlum 


oce 
e 


A great deal 
of diffloulty 


A great deal 
of difficulty 


Au or most 
of the time 


6 
Very 


oor 
BE 


Vary 


oor 
= 


life” was assessed by a series of questions about 
symptoms and activities. The questions were asked 
by the physician at the end of each treatment period 
and the answers were classified as one of either four or 
five grades (fig 2). 

Echocardtography.—Patients were examined with an 
Aloka 710 Sector Scanner while supine or in the left 
reclining position. An M mode scan of the left 
ventricle was made at the level of the chordae 
tendineae. The left ventricular end diastolic diameter 
was measured at the time of the peak of the R wave 
and the end systolic diameter at the time of the peak 
anterior movement of the posterior wall of the left 
ventricle. Systolic and diastolic vohimes were cal- 
culated." The mitral-septal distance was also 
measured. The positions of the patients and the 
transducer were maintained as consistently as poss- 
ible at each subsequent investigation. 

Exercise capacity —A symptom limited exercise test 
was performed on a Siemens ergometer cycle. The 
initial workload was 50 W; this was increased by 
25 W every three minutes. During the exercise test 
a nine lead electrocardiogram was recorded and 


A good part 
of the time 


equate 
[ds 
Adequate 
Cs 


Fig 2 Symptoms/activity questionnaire administered by the physician at the end of each treatment period. 
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Fig3 Exercise duration at the end of each treatment period 
tn 21 patients. At baseline the mean duration of exercise was 
440 (37-2) seconds (not shown), after treatment with 
placebo 1t was 445 (8) seconds, and after treatment with 
xamoterol it was 484 (8) seconds. Exercise duration was 
increased in 15 patients, decreased tn four patients, and 
remained the same in two patients. 


evidence of myocardial ischaemia was assessed at the 
end of each load. Heart rate and systolic blood 
pressure were measured at the end of each three 
minute period and at maximum exercise. The dura- 
tion of exercise was recorded and the total work done 
was calculated. 

Statistical analysis—An analysis of variance, allow- 
ing for the effects of sequence, treatment, and 
treatment order was used to analyse duration of 
exercise, work done during exercise, heart rate at 
maximum exercise, and ejection fraction. The Likert 
scores, for assessing symptoms and activities, were 
analysed by a non-parametric technique. 


Results 


EXERCISE 

At baseline all 21 patients were able to achieve a work 
rate of 100 W; 13 patients achieved 125 W and six 
patients 150 W. The mean (SE) duration of exercise 
at baseline was 440 (37) seconds. After treatment 
with placebo the adjusted mean for duration was 445 
(8) seconds and after treatment with xamoterol it was 
484 (8) seconds. The mean difference in exercise 
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Fig 4 Work done at the end of each treatment period ın 21 
patients, The adjusted mean for work done after placebo was 
32-6 (0-9) kJ and after xamoterol tt was 36-7 (0-9) kJ. 


duration between the two treatment periods (39 
(12) s) was significant (p < 0:01), Compared with the 
placebo treatment, 15 patients exercised for a longer 
time on xamoterol treatment, two exercised for the 
same time, and four patients exercised for a shorter 
time (fig 3). The adjusted mean (SE) for work done 
during placebo treatment was 32-6 (0-9) kJ and that 
during xamoterol treatment was 36 7 (0:9) kJ—a 
difference of 4-1 (1-3) kJ, which was significant (p < 
0-01) (fig 4). 

Figure 5 shows the effects of xamoterol on the 
mean resting and exercise heart rates at each exercise 
load. Heart rate was reduced by xamoterol at each 
exercise load. The adjusted mean (SE) for heart rate 
at maximum exercise was reduced from 129-4 (2:1) 
beats/minutes (placebo) to 111-1 (2:1) beats/minutes 
(xamoterol) (p < 0-001). Figure 6 shows the effects of 
xamoterol on the mean systolic blood pressure at rest 
and at each exercise load. There was a tendency for 
systolic blood pressure during xamoterol treatment 
to be increased at rest and reduced at the higher levels 
of exercise. ST depression was not seen in any 
exercise electrocardiogram. 


ASSESSMENT OF SYMPTOMS AND ACTIVITIES 
Table 2 shows the results with the Likert scales. A 
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Fig5 Heart rates after treatment with xamoterol and 
placebo at rest (R) and after three, nx, nine, and 12 minutes 
exercise. 
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non-parametric analysis was carried out and 
differences in the assessment by the physician in 
response to each question at the end of the two 
treatment periods were recorded as “‘better’’, 
“same”, or “worse”. Those patients who were not 
troubled by a particular symptom throughout the 
study were not included in the analysis. Table 2 
shows the total number of patients who had each 
symptom and the difference between their answers at 
the end of each treatment period. The score for the 
two questions on walking, the two questions on daily 
tasks, and the two questions on mood were aggre- 
gated. Apart from mood, the answers to every 
question showed a trend in favour of xamoterol, 
which achieved statistical significance for breathless- 
ness (p < 0-02) and chest pain (p < 0-05). 


CLINICAL SIGNS OF HEART FAILURE 

Each patient was examined clinically at baseline and 
at the end of each treatment period for the following 
signs of heart failure: crepitations on auscultation of 
the lungs, abnormal heart sounds, peripheral 
oedema, hepatomegaly, jugular venous distension, 
and irregular arterial pulse. Overall, 19 of the 21 
patients had one or more signs of heart failure at 
baseline. The most frequent sign of heart failure was 
crepitations, which were found at baseline in 12 out 
of 21 patients, after placebo in nine, and after 
xamoterol in six. In two patients crepitations 
developed during xamoterol treatment. An irregular 
pulse (ventricular extrasystoles) was present in three 
patients at baseline, in six patients during placebo 
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120 130 - 140 170 


150 

Placebo (SBP mmHg) 
Fig6 Mean systolic blood pressure after treatment with 
xamoterol and placebo at rest (R) and after three, six, mne, 
and 12 minutes’ exercise. 


100 110 160 


treatment, and in three patients during xamoterol 
treatment. The pulse became regular on treatment 
with xamoterol in four of the six patients who had an 
irregular pulse on placebo treatment. The only other 
sign of heart failure was jugular venous distension in 
two patients; this was not present after xamoterol in 
one patient and not present after placebo in either 
patient. In general, the most frequent signs of heart 
failure were crepitations and an irregular pulse both 
of which tended to be reduced during treatment with 
xamoterol. 


ECHOCARDIOGRAPHY 

Echocardiography was carried out in 17 patients at 
baseline and 18 patients after treatment with placebo 
and xamoterol. At baseline the mean (SE) ejection 
fraction, calculated from the end systolic and end 


Table2 Total number of patients with each symptom or 
impairment of activities and the difference between 
treatments expressed as the number of patients feeling 
“hetter” , “worse” , or the “same” when treated with 
xamoterol 





Total Better Worse Same 
Tiredness 20 8 2 10 
Chest pain* 18 9 1 8 
Breathlessnesst 17 9 0 8 

13 8 1 4 
Wi 21 10 4 7 
Difficulty with tasks 20 7 2 11 
Moodjconfidence 13 5 4 4 
Sleep 9 5 2 2 





*p <0 05; tp < 0-02 





80 
60 A Ejection 
fraction 

3 47(19) 
2 p<0 05 
8 40 
Cc 
S 
U 
L 
iv 

20 

Placebo Xamoterol 


Fig 7 Ejection fraction after treatment with xamoterol and 
placebo. The mean ejection fraction at baseline was 42-4 
(3-4) %, after treatment with placebo it was 41-9 (1 3)%, 
and after treatment with xamoterol ıt was 46 6 (1:3)% (an 
increase of 4-7% (p < 0-05)). 


diastolic diameters of the heart, was 42-4 (3-4)%. 
After treatment with placebo the ejection fraction 
was 41-9 (1-3%) and after treatment with xamoterol 
it was 46-6 (1:3)%—an increase of 4 7 (1:9)% (P < 
0-05) corresponding to a relative increase of about 
12%. When patients were treated with xamoterol the 
ejection fraction increased in 12 patients, remained 
the same in one patient, and decreased in five patients 
(fig 7). 

The improvement was independent of the initial 
ejection fraction; and hearts with an ejection fraction 
< 40% (10 patients) improved from 35-2 (2:1)% 
after placebo treatment to 41:3 (2:1) % after 
xamoterol treatment (an increase of 6-1 (3-0) % (p = 
0-076), corresponding to a relative increase of about 
17%). 


Discussion 


The patients entered into this study had mild to 
moderate heart failure (New York Heart Association 
class II and III) as a result of ischaemic heart disease. 
There was evidence of heart failure in all patients, 
despite treatment with diuretics. The mean work 
rates achieved (mean 120 W) were below normal fora 
population of similar age and sex,° as were the mean 
ejection fractions (42%). Not all patients had signs of 
congestive heart failure. Crepitations, which were 
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found in 12/21 patients at baseline, were the most 
common sign. This low incidence of signs of conges- 
tive heart failure, despite evidence of left ventricular 
dysfunction, probably reflects the adequacy of treat- 
ment with diuretics. 

The increase in exercise tolerance was associated 
with both a reduction in maximum exercise heart rate 
and a tendency for systolic blood pressure to be 
reduced. The resulting reduction in the pressure- 
rate product can account only in part for the prolon- 
gation of exercise in these patients with ischaemic 
heart disease, because there was no difference bet- 
ween the treatment groups in the frequency of chest 
pain as a reason for stopping exercise (three placebo, 
two xamoterol). In contrast, breathlessness was a 
reason for stopping exercise in most patients (20 
placebo, 17 xamoterol). In patients with ischaemic 
heart disease symptoms of chest pain and breathless- 
ness during a maximal exercise test may be confused. 
The signs and symptoms of patients in this study, 
however, suggest that angina was not the predomin- 
ant symptom and that the patients had considerable 
dysfunction of the left ventricle. The mechanisms by 
which heart failure causes breathlessness are dis- 
puted. During maximum exercise both pulmonary 
wedge pressure and end diastolic pressure in the left 
ventricle are known to increase dramatically in 
patients with ischaemic heart disease and this 
increase has been associated with symptoms of 
breathlessness. Lipkin and Poole- Wilson, in an exer- 
cise protocol similar to ours, recently reported that 
the sensation of breathlessness was related to plasma 
concentrations of lactate rather than pulmonary 
capillary wedge pressure.’ Sato et al showed that a 
single dose of xamoterol reduced pulmonary wedge 
pressure at rest and during exercise, even when heart 
rates were reduced.” These results with xamoterol are 
consistent with the earlier findings of Detry et al.* In 
both studies, during maximum exercise heart rate 
was reduced, cardiac output unchanged, and pul- 
monary wedge pressure reduced. Therefore, it is 
possible that prolongation of exercise tolerance in the 
present study is related to a delay in the acute rise in 
pulmonary wedge pressure. The assessment of 
symptoms also showed a trend for a significant 
reduction in breathlessness and a trend for an 
increase in physical activities. 

The significant reduction in resting ejection frac- 
tion and the tendency for a reduction in the signs of 
congestion, in particular crepitations, are probably 
related to the modest stimulant action of xamoterol at 
rest and during moderate activity. In those patients 
who had difficulties in sleeping, xamoterol improved 
the quality of sleep, again an effect probably related 
to modest stimulation of the heart and the resulting 
fall in pulmonary wedge pressure.’ Xamoterol is 
hydrophilic, does not cross the blood-brain barrier to 
any appreciable extent, and has no known action on 
the central nervous system. 


Effects of xamoterol on symptoms 


Ina previous study carried out in our laboratory in 
a selected group of patients with moderate heart 
failure (New York Heart Association class IT and HI 
on treatment with digoxin and diuretics), who de- 
teriorated clinically on withdrawal of digoxin, exer- 
cise duration was on average 27% higher on digoxin 
and 17% higher on xamoterol." In these patients 
there was no significant difference between the effects 
of digoxin and xamoterol on functional assessment 
score and exercise duration. More recently results in 
349 patients randomised to placebo, xamoterol, or 
digoxin and treated for three months showed that 
xamoterol significantly improved exercise tolerance 
compared with both placebo and digitalis.'? Patients 
selected for this study were similar to those in the 
present study. So patients with mild to moderate 
heart failure will benefit more from xamoterol, 
whereas some patients with more severe heart failure 
may respond better to digoxin. 

The effects of xamoterol described in this study 
are consistent with the known pharmacology of 
xamoterol as a selective f, adrenoceptor partial 
agonist that modulates the sympathetic control of the 
heart and stabilises the response of the heart to 
sympathetic stimulation at about a level equal to its 
own intrinsic sympathomimetic activity.’? Con- 
sequently, at rest or during moderate activity the 
heart receives additional inotropic support from 
xamoterol without any appreciable increase in heart 
rate; whereas during more severe exercise, heart rate 
is reduced.’ '™5 

Evidence for this cardiostabilising activity of 
xamoterol in the present study comes from the 
increase in ejection fraction at rest with no significant 
change in resting heart rate and the reduction in 
maximum exercise heart rate. The acute effect of 
xamoterol in patients with left ventricular dysfunc- 
tion has been described elsewhere.’ " An increase in 
cardiac output and a decrease in pulmonary capillary 
wedge pressure was reported. In three previous 
studies in which haemodynamic measurements were 
made at rest in patients with heart failure the 
inotropic effects of xamoterol were maintained for 
up to nine months.'*'*° These results indicate that 
tachyphylaxis does not occur. So both modest 
inotropism and the reduction of exercise heart rate 
are likely to be important in explaining the long term 
clinical benefits of xamoterol. 

We found that xamoterol increased exercise dura- 
tion and improved the signs and symptoms of heart 
failure. These changes were associated with an 
increase in resting ejection fraction. 


We thank Margaret Day of Imperial Chemical 
Industries for helpful assistance. 
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The epicardial electrogram: a quantitative assessment 
during balloon angioplasty incorporating monophasic 
action potential recordings 


PETER TAGGART, PETER SUTTON,* ROY JOHN, ROGER HAYWARD, 
HOWARD SWANTON 


From the Department of Cardiology, The Middlesex Hospital, London and * Department of Physiology, 
University College and Middlesex Hospital School of Medicine, London 


SUMMARY An electrogram was recorded from the angioplasty catheter guide wire when coronary 
blood flow was interrupted in 20 patients undergoing percutaneous transluminal coronary 
angioplasty. Monophasic action potentials were recorded from the right ventricular septum 
together with the routine electrocardiogram. The patients were studied during angioplasty for 
lesions in the left anterior descending (12), circumflex (3), and right coronary arteries (6). ST 
elevation in the electrogram recorded in the left anterior descending and circumflex systems was 
usually more obvious than that in the electrocardiogram. Signals obtained from the right coronary 
artery were of very low amplitude and registered only minimal ST changes. The ST elevation 
developed in the electrogram during insertion of the catheter before inflation of the balloon in 11 of 
the 15 patients undergoing angioplasty of the left system. In eight of the patients showing pre- 
inflation ST elevation the ST shift lessened after successive inflations. Monophasic action potential 
recordings were obtained during 45 balloon inflations in 19 patients. In those patients undergoing 
angioplasty for lesions of the circumflex coronary artery the monophasic action potential showed 
no change during balloon inflation. In patients undergoing angioplasty for the right coronary 
artery the mean normalised duration at 60 seconds’ occlusion was 99-6 (1-5) % of control. Of a total 
of 25 occlusions in the patients undergoing angioplasty for the left anterior descending coronary 
artery 19 showed shortening of < 5%, five showed shortening between 5 and 10%, and one showed 
a shortening of 16-4% in the monophasic action potential. The QT interval was satisfactorily 
measured in the electrogram during 36 balloon inflations, and in 24 of these it was also measured in 
the electrocardiogram. QT changes in the electrogram tended to be the opposite of those in the 
electrocardiogram. When changes in RR interval were minimal (< 20 ms) during the balloon 
inflation 14 of 17 electrograms showed QT prolongation but only one of 12 electrocardiograms 
showed prolongation. Conversely one of 17 electrograms showed shortening compared with eight 
of 12 electrocardiograms. There was angiographic evidence of the development of collaterals in six 
of 15 patients undergoing angioplasty of the left system. ST segment elevation in both the 
electrogram and electrocardiogram was less pronounced in these patients than in those without 
evidence of the development of collaterals. 

ST segment changes recorded from the angioplasty guide wire provide a more sensitive index of 
ischaemia than the surface 12 lead electrocardiogram, and a fall in ST segments on balloon deflation 
is a prognostic index of a good angiographic result in the left anterior descending and circumflex 
arteries, but not in the right coronary artery. 
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The epicardial electrogram during balloon angioplasty 

Ever since Einthoven either did or did not invent the 
string galvanometer' the electrocardiogram has 
played a fundamental role? in the detection of 
myocardial ischaemia. Although a mainstay for on 
line monitoring it may be relatively insensitive to the 
early phase of ischaemia. The very earliest electro- 
physiological changes of ischaemia tend to be local to 
the causative lesion.” The initial area affected 
therefore tends to be small. Solid angle theory 
predicts that an electrode for recording an electro- 
cardiogram would need to be placed very close to the 
lesion in order to identify any ischaemic changes.** 
This is not usually possible and the ischaemic 
changes that are eventually picked up by the routine 
electrocardiogram reflect more progressive and 
extensive ischaemic changes; the original local 
change being silent in the electrocardiogram. 

The electrocardiogram is routinely used to 
monitor patients during percutaneous transluminal 
coronary angioplasty. ST segment changes are often 
seen during the sudden transient interruption of 
coronary artery blood flow when the balloon is 
inflated. The accuracy with which this measures the 
degree of ischaemia is, however, questionable. As 
indicated above, a recording site closer to the 
myocardium would be expected to register earlier 
changes. 

The monophasic action potential recorded directly 
from the myocardium has been shown to provide a 
highly sensitive index of ischaemia.*’ Monophasic 
action potentials recorded during angioplasty from 
the left ventricular endocardium in the potentially 
ischaemic zone registered ischaemic changes in 
advance of the electrocardiogram in selected 
patients." However, depending on the site of the 
lesion and the individual anatomy it may not always 
be technically possible to gain access to the centre of a 
potentially ischaemic zone with a catheter electrode 
for measuring an endocardial monophasic action 
potential.’ 

The tip of the guide wire used for angioplasty, 
however, lies close to the lesion. It has been shown 
that electrical signals may be transmitted via this wire 
thus enabling an epicardial electrogram to be re- 
corded." An electrogram recorded by this means 
has the advantage of recording near the myocardium 
from the territory whose native circulation is the 
artery undergoing angioplasty. 

ST changes in the intracoronary electrogram occur 
in most patients during angioplasty and are generally 
more obvious than in the electrocardiogram." ? In 
addition, preliminary results showed that assessment 
of ST segment changes in the electrogram recorded 
from the angioplasty guide wire during periods of 
balloon deflation between successive occlusions 
provided evidence of a good angiographic result 
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when any initial ST elevation had subsequently been 
reduced by 50% at the end of the procedure.” 

However, it is likely that any ST segment changes 
in the electrogram will be influenced by the develop- 
ment of collaterals and the dynamic behaviour of 
local collateral vessels in response to the ischaemic 
challenge and intermittent reperfusion. Further- 
more, the closeness of the recording electrode to the 
myocardium would be expected to make it especially 
sensitive to the local dispersion of action potential 
amplitude and duration that is characteristic of early 
ischaemia. This may well, therefore, result in 
differences in the manifestation of early ischaemic 
change such as the ST segment and QT interval in 
the electrogram and the electrocardiogram. We 
studied simultaneous electrographic and electro- 
cardiographic changes in the ST segment and QT 
interval during routine angioplasty and have related 
these changes to angiographic evidence of the 
development of collaterals. 


Patients and methods 


Recordings were made of the epicardial electrogram, 
right ventricular endocardial monophasic action 
potential, and the routine electrocardiogram in 
patients undergoing angioplasty for the relief of 
angina. 


PATIENTS 

Twenty patients were selected at random from the 
waiting list (table 1). Twelve were undergoing angio- 
plasty of the left anterior descending coronary artery, 
three of the circumflex coronary artery, and six of the 
right coronary artery. One patient underwent angio- 
plasty of both a left anterior descending and right 
coronary artery lesion. Table 1 gives the details of 
individual patients including the site and severity of 
the lesions. The hospital ethics committee gave 
approval for this study. 


EPICARDIAL ELECTROGRAM 

We used the angioplasty catheter guide wire as the 
exploring electrode to record an epicardial elec- 
trogram from within the lumen of the coronary 
artery. The reference electrode was positioned close 
to the entry point in the femoral artery. When the 
balloon of the dilatation catheter was positioned 
across the stenotic segment of the artery, the guide 
wire protruded about 5 cm beyond the tip of the 
dilatation catheter. The proximal end of the guide 
wire was scraped with a scalpel to remove the Teflon 
coating to ensure good electrical continuity. 


Table 


Panent 
no 
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1 Details on the 20 patients in the study 


Sex Age Vessel Site 
M 53 LAD 
M 46 LAD Proximal LAD distal to Ist diagonal 
M 62 LAD Distal to Istseptal/diagonal 
M 61 LAD Distal to 1st septal proximal lesion 
M 48 LAD Proximal to Ist septal 
F 37 LAD Proximal to Ist septal 
M 69 LAD Lesion at 1st septal 
M 65 LAD Proximal to diagonal distal to 1st septal 
M 58 LAD  Dastal to Ist septal 
M 57 LAD _ Distal to Ist septal origin of diagonal 
M 53 LAD Proximal! to 1st septal 
RCA Mid RCA proximal to margin 
M 46 LAD Distal to Ist septal and proximal to 
diagonal 
M 42 Cx Mid Cx graft 
M 67 om Large obtuse marginal 
M 56 Cx Onigin of 1st obtuse marginal of Cx 
M 62 RCA Proxunal to RV branch 
M 51 RCA Proxmmal to RV branch 
M 57 RCA Proximal to RV branch 
M 61 RCA Mid RCA past RV branch 
F 70 RCA Proxunal to RV branch 
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Collaterals Result 

None Moderate 30-50% residual 
stenosis 

Manimal if any to distal septum Moderate 30% residual stenosis 

None Moderate result dissection flap 

None Good on proximal but distal 
remain 

Yes Moderate residual 40% stenosis 
with dissection 

Yes Good 

None Moderate 30% residual stenosis 

None Good 

To septum posterior Good 

Very sparse distal on septum Good 

from RCA 

Yes Good 
Good 

Yes (late) Good 

None Good 

None Good 

None to LV surface collaterals Good 

to inferior surface in RCA 

territory 

None Good 

None ‘ Good 

Yes Good 

None Good with dissection flap 

None 


LAD, left anterior descending; Cx, circumflex; RCA, right coronary artery; RV, right ventricle, 


EBNDOCARDIAL MONOPHASIC ACTION 
POTENTIALS 

Monophasic action potentials were recorded with a 
bipolar pressure contact silver/silver chloride cath- 


‘eter electrode (size 7 French) made to our specifica- 


tions (Cordis), The exploring electrode (1:0 mm”) 
was situated at the tip. The reference electrode (1 0 
mm’) was situated 5 mm back from the tip and was 
flush with the wall of the catheter. Gentle apposition 
of the tip electrode to the endocardium results in a 
monophasic action potential signal of usually 20-40 
mV amplitude. 


ROUTINE ELECTROCARDIOGRAM 

The lead monitored as part of the routine procedure 
was recorded, The lead chosen was the one con- 
sidered to be the most appropriate to the site of the 
lesion undergoing angioplasty—that is lead III for 
the right coronary artery; V5 for the left anterior 
descending coronary artery; and aVL, V5, or lead III 
for the circumflex, depending on which gave the best 
signal (see table 1). 


SIGNAL PROCESSING 

The electrogram and monophasic action potential 
signals were fed into Gould isolated preamplifiers 
(model 11-5407-58) to provide patient isolation and 
then into DC Gould universal amplifiers (model 13- 
4615-58). The amplifiers for the monophasic action 


potential and electrogram were set to give an output 
of 1 V for 40 mV input with a frequency response of 
300 Hz. The signals were displayed on a Simonsen 
and Weel monitor (Model MTS 102). The electro- 
cardiogram was amplified. A Gould instruments 
brush 220 pen recorder was used for hard copy 
recordings of the electrogram, monophasic action 
potential, and routine electrocardiogram at a paper 
speed of 1, 5, 25 or 125 mm/s as appropriate. The 
monophasic action potential and electrogram record- 
ings were calibrated with a direct current millivolt 
source (Time Electronics model 4045). 


PROCEDURE 
All patients had had a coronary arteriogram with left 
ventricular angiogram via the right femoral artery by 
the Judkins technique on a previous occasion. This 
wus repeated immediately before angioplasty with an 
Advanced Cardiovascular Systems incorporated 
French 9 shaft tip guiding catheter. After the 
immediate pre-angioplasty coronary arteriogram, a 
monophasic action potential catheter was inserted via 
the right femoral vein and positioned on the right 
ventricular septum in an area that would be expected 
to be supplied at least in part by the artery under- 
going angioplasty. 

The angioplasty balloon catheter (usually a Simp- 
son ultra-low profile balloon catheter, Advanced 
Cardiovascular Systems, Incorporated), and guide 


Proxnnal LAD at diagonal origin 


ade: 


The epicardial electrogram during balloon angioplasty 


wire (usually a 0-014 inch flexible steerable wire, 
USCI, CR Bard Incorporated) were advanced into 
the target artery. Once the guide wire had crossed the 
lesion, an electrogram signal was obtained from the 
wire. The dilatation catheter was then advanced 
across the stenosis. Recordings were then made of the 
electrogram, monophasic action potential, and 
routine electrocardiogram during successive balloon 
inflations. Up to four successive balloon inflations 
were carried out for 60 seconds with 2-5 minutes 
interval between them during which time the cath- 
eter and guide wire remained in position. Atrial 
pacing was not used routinely but was established 
when necessary (two patients). 


STATISTICAL ANALYSIS 

ST segment shift in the electrogram and electro- 
cardiogram was measured at 60 ms after the J point. 
These data were displayed and presented in 
millimetres rather than millivolts as these represent 
the changes normally seen by the operator and used 
to monitor the procedure. A millivolt scale is 
included. 

The QT interval was measured only in those 
records where the end of the T wave could be clearly 
defined. The QT measurements are presented 
(uncorrected for rate) with respective RR intervals. 

The duration of the monophasic action potential 


was measured at 90% repolarisation by drawing a 


Epicardial electrogram ST segment 
8 LAD 


Routine ECG ST segment 


mm 


lit lh nal ol 
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tangent to the steepest part of the slope. These data 
were normalised to take account of differences in 
heart rate between patients. 

The angiographic result was assessed as good or 
moderate by visual inspection at the time of the 
procedure. The result was classified as good when the 
residual stenosis was < 20% and moderate when the 
residual stenosis was between 20% and 50%. 


Results 


ST SEGMENT 


‘ An ST segment shift in the epicardial electrogram 


was invariably upwards—that is ST elevation. In the 
electrocardiogram, ST shift was either up or down— 
that is elevation or depression depending upon the 
orientation of the lead position. 

Most patients undergoing angioplasty of the left 
anterior descending or circumflex coronary arteries 
showed ST changes in the epicardial electrogram 
during the procedure (fig 1). These ST changes were 
usually more conspicuous than in the routine 
electrocardiogram and sometimes spectacular. In 
two of 13 patients ST changes were consistently seen 
in the electrogram when no ST shift occurred in the 
electrocardiogram. In two of the 13 patients ST 
changes developed in the electrocardiogram in the 
absence of either any change (patient 6) or minimal 
change (patient 13) in the electrogram. The elec- 
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Figi Histogram showing ST segment shift tn millimetres in the epicardial electrogram (top) and routine elsctrocardiogram 
(bottom) after 60 seconds of balloon occlusion (up to four balloon occlusions per patient) of the left anterior descending 
(LAD) circumflex (Cx), and right coronary artery (RCA) during angioplasty. The ST segment shift in the epicardial 
electrogram was invariably upwards. In the electrocardiogram ST shift was esther up or down depending on the orventation of 


the lead position. 
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Fig2 Histogram showing ST segment elevation in millimetres in the epicardial electragram during up to four balloon 
occlusions of the left anterior descending (patients 1-12) and the circumflex (patients 13~15) coronary artery during 
angioplasty. Control values were recorded nth the deflated balloon in position across the lesion after 60 seconds’ balloon 
inflation. The result of the procedure is tndicated as either good or moderate, Angiographic emdence of the development of 
collaterals wn the area of myocardium served by the vessel undergoing angioplasty is noted: C+, present; C—, absent. 


trogram recorded from the right coronary artery (six 
patients) yielded a signal of very low amplitude witha 
poorly defined T wave and showed either small or no 
changes in the ST segment during angioplasty. 

The ST elevation in the electrogram developed 
during insertion of the catheter before inflation of the 
balloon in 11 of the 15 patients undergoing angio- 
plasty of the left anterior descending artery or 
circumflex coronary artery (fig 2). Figure 3a shows an 
example. In eight of the 11 patients showing pre- 
inflation ST elevation, the ST shift lessened after 
successive inflations. Figure 2 shows that 11 of 15 
pre-first inflation ST measurements (that is balloon 
in position before inflation) already show ST eleva- 
tion. The progressive development of ST elevation 
after the catheter was positioned across the stenosis 
before inflation is illustrated in the slow playout in fig 
3a. Two successive balloon inflations of the same 
lesion are shown in figs 3a and 3b, which show the 
progressive development of ST elevation during 
inflation and lessening of the ST elevation after 
balloon deflation. There is a striking contrast bet- 


ween the ST elevation in the electrogram and the 
absence of ST shift in the electrocardiogram. 

The electrocardiogram lead selected for monitor- 
ing during the procedure that we studied was the one 
we considered most likely to show changes according 
to the site of the vessel undergoing angioplasty (table 
1). In five patients who showed ST elevation in the 
electrogram the standard limb leads and V5 were 
recorded during the last 10 seconds of balloon 
inflation. No ST changes were evident in any of the 
leads. 


RECORDINGS OF MONOPHASIC ACTION POTEN- 
TIAL 

Monophasic action potentials were recorded during 
45 balloon occlusions in 19 patients (left anterior 
descending artery, 25 observations in 10 patients; 
circumflex artery, eight observations in three 
patients; right coronary artery, 12 observations in six 
patients). In the patients undergoing angioplasty for 
lesions of the circumflex coronary artery the duration 
of the monophasic action potential duration showed 
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Fig3 (a) Monophasic action potential (MAP), electrogram, and routine electrocardiogram (lead IH ) in a patient 
undergoing angioplasty of the circumflex coronary artery. During the 60 seconds after insertion of the deflated balloon there 
was progressive ST elevation in the electrogram on the slow playout with little change in the electrocardiogram. ST elevation 
increased in the electrogram during the 60 second period of balloon inflation and decreased after deflation although some 
elevation persisted. The electrocardiogram remained unchanged throughout. No changes were seen in monophasic action 
potential (MAP) duration. (6) A second balloon inflation on the same patient performed after three minutes’ rest. The ST 
elevation in the electrogram again increased but this time it returned to the isoelectric line (with the balloon still in position) 
after deflation. The ST segment in the electrocardiogram (ECG) and monophasic action potential (MAP } duration were 
unchanged throughout. 
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Fig4 Monophasic action potennal (MAP), electrogram, and electrocardiogram ( V5) of patient undergoing angioplasty of 
the left anterior descending coronary artery. During the 60 seconds of balloon inflation ST elevation developed in the 
electrogram and to a lesser extent tn the electrocardiogram accompamed by shortening of monophasic action potential duration. 
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Fig5 QT mterval tn the epicardial electrogram (top) and routine electrocardtogram (ECG) (bottom) in patients 
undergoing angioplasty of the left anterior descending (patients 1-12) and circumflex (patients 13~15) coronary artenes. 
Values were recorded with the deflated balloon in position across the leston (control) and at 60 seconds balloon inflanon. The 
respective RR intervals are shown in the centre panel. 
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Table2 Change tn QT interval in the electrogram and 
electrocardiogram (ECG) during angioplasty at 60 s balloon 
inflation compared with control in two groups 


A RR mterval 

between control 

and 60 s balloon QT interoal 
occlusion e 


Electrogram ECG 
Prolongation 14 1 
< 20 ms No change 2 3 
Shortening 1 8 
n= 17/36 n= 12/24 
Prolongation 18 1 
< 40 ms No change 3 4 
Shortening 4 10 
n= 25/36 n= 15/24 


Occasions where the RR interval changed by < 20 ms (top) and by 
< 40 ms (bottom) are presented. six patents had 
measurable QT intervals in the electrogram w only in 24 was 
QT measureable in the electrocardiogram Of the 36 patients only 
17 showed RR interval changes of < 20 ms durmg the procedure 
of which only 12 had measurable QT changes in the 
electrocardiogram. A further eight patients showed changes in the 
RR interval of between 20 and 40 ms of whom only three had 
measurable QT intervals in the electrocardiogram. 


no change, with the mean normalised monophasic 
action potential duration at 60 seconds inflation 
being 100:4 (1:2) % of control. In patients under- 
going angioplasty of the right coronary artery only 
minimal changes in monophasic action potential 
duration were seen, the mean value at 60 seconds 
occlusion being 99-6 (1:5) % of control. In the 
patients undergoing angioplasty of the left anterior 
descending coronary artery, 19 of the total of 25 
inflations showed shortening of the monophasic 
action potential of < 5%, five showed shortening of 
between 5 and 10%, and one showed a shortening of 
164%. 

Figure 4 shows an example of shortening of the 
monophasic action potential duration associated with 
ST elevation in the electrogram. 


QT INTERVAL 
Figure 5 shows the QT interval of the electrogram 


Table 3 ST segment elevation in the epicardial electrogram 
(mm) with the deflated balloon in situ before dilatation (left 
of each arrow) and at the end of successive inflations (right 
of each arrow) still wth the deflated balloon in situ 








Good result Moderate result 
C+ cC- C+ C- 
0-0 231-5 1305 15724 
0-0 023-02 ‘0-0-8 1-408 
3-50 2-571 0-0 

35-05 

05-0 

05305 

5-4-0 6 


C+, angiographic evidence of good collateral supply, 
cC- > no angiographic evidence of collateral supply. 
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Table 4 ST shift (mm) tn the electrogram (EG) and 
electrocardiogram (ECG) at 60 s balloon inflation during 
antioplasty (mean (SD) ) 


Collaterals No collaterals 
Balloon ST shift ST shift ST shift ST shift 
inflanon (EG) (BCG) (EG) (BCG) 
First 15(1 3) p 8 (0-9) 39(24) 1-6 (1-0) 
n= =9 
Second 1:4 (0-9) 0-7 (1 4) 39(22) j 2 1 (%7) 
n=4 =9 
Third 0 8 (0-9) 0-2 (0-3) 3-6 (2-4) a 1-6 (0 5) 
All 1-3(1 0) 0-6 (1 0) 3-8 (2-3) a 1-8 (0 8) 
(a=11) (n=25) 


Data are given separately for first, second, third, and all mnflations 
and subdivided into those patients with angiographic evidence of 


- collaterals and those without 


and routine electrocardiogram. We were able to 
measure the QT interval satisfactorily in 36 balloon 
inflations in the electrogram and in 24 of these 
occasions in the electrocardiogram. In the one patient 
in this group who was paced (patient 5) the QT 
interval in the electrogram consistently lengthened 
during successive balloon occlusions whereas in the 
electrocardiogram there was progressive shortening 
of the QT interval. A similar disparity was seen 
between the QT interval in the electrogram and 
electrocardiogram on the occasions when only min- 
imal changes in cycle length occurred (table 2). 


CORRELATION WITH ANGIOGRAPHIC BVIDENCE 
OF THE DEVELOPMENT OF COLLATERALS 

Figure 2 and table 1 show the angiographic evidence 
of collateral blood flow to the area of myocardium 
normally supplied by the vessel undergoing angio- 
plasty. Six of the 15 patients showed clear evidence of 
the development of collaterals to the compromised 
area of myocardium. The ST segment elevation in 
both the electrogram and the electrocardiogram was 
considerably less pronounced in those patients with 
evidence of the development of collaterals than in 
those without. The size of the change in the elec- 
trogram was twice that in the electrocardiogram 
(table 4). Furthermore, the initial ST elevation in the 
electrogram was less pronounced when the deflated 
balloon was in place across the stenosis before the 
first balloon inflation in those patients with well 
developed collaterals than in those without (table 3). 


CORRELATION WITH THE RESULT OF THE 
PROCEDURE 

Ten of the 15 patients undergoing angiography of the 
left system were classified as having a good angiogra- 
phic result and five as having a moderate result (table 
2, fig 2). Table 4 shows that patients with a high 
initial ST elevation in whom a good result was 
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Bs 6 Patient undergoing angioplasty of the left anterior descending coronary artery. At 60 seconds of balloon occlusion 
ST/T alternans was seen in the electrogram which was not evident in the electrocardiogram (ECG). Ventricular extrasystoles 
developed and became frequent at this nme. “Humps” at the end of repolarisation in the monophasic action potennal (MAP) 


signal may be early after-depolarisations. 


achieved tended to show a substantial fall in this 
elevation by the end of the procedure. 


ALTERNANS 

One patient (case 10) undergoing angioplasty of the 
left anterior descending coronary artery developed T 
wave alternans which was obvious on the electrogram 
but not apparent in the electrocardiogram (fig 6). The 
alternans developed after 45 seconds of balloon 
occlusion and ceased after about 10 seconds of 
balloon deflation. During this period there were 
frequent ventricular extrasystoles. 


Discussion 


We found that ST changes on the guide wire 
electrogram during angioplasty are more obvious 
than those in the electrocardiogram and more sen- 
sitive to changes occurring in the area of myocardium 
being reperfused. This is to be expected in view of the 
wider angle subtended at the recording site for the 
electrogram, which is only a few millimetres away 
from the myocardium whereas the electrocardiogram 
electrode is more remote. However, this is not always 
the case and sometimes the reverse occurs. A possible 
explanation may be that solid angle theory applies to 
a point source whereas the guide wire is a continuum 
of several centimetres which may overlie areas of well 
perfused myocardium. This could be especially so 
when there is a good development of collaterals. A 
further possibility is that the guide wire may overlie 


scar tissue that is less likely to respond electrically. 
This suggestion was made by Friedman et al to 
explain the lack of any discernible shift in the ST 
segment in the four patients they studied undergoing 
angioplasty for distal right coronary artery disease.” 
We also saw little change in our six patients under- 
going angioplasty of the right coronary artery, which 
suggests that it is unlikely that nearly ali patients 
undergoing angioplasty for right vessel coronary 
artery disease have scar tissue close to the guide wire; 
however, only two of the patients under study for the 
left system did not show ST changes. We therefore 
suggest an alternative explanation: that the fat 
separating the right coronary artery from the 
myocardium may act as an insulator. Cancellation is 
an alternative possibility. Whatever model of the 
electrocardiographic waveform is considered, the 
waveform is essentially the algebraic sum of multiple 
potential differences throughout the myocardium. 
Owing to the spatial orientation of the conduction 
sequence across the ventricles the recording elec- 
trode will usually record several positive and negative 
potential differences. If the algebraic sum of these is 
zero during the inscription of the ST segment then 
the isoelectric line will not shift. We consider this 
unlikely because we often found that an extrasystole 
with its different spatial orientation to the wire had 
no influence on the electrogram recorded from the 
right coronary artery. If cancellation were a major 
factor then the altered vector would be expected to 
modify significantly the configuration of the elec- 
trogram. 


The epicardial electrogram during balloon angioplasty 

Measurements of the QT interval in the elec- 
trogram showed little correlation with the electro- 
cardiogram; this is not unexpected because the angles 
subtended at the respective electrode recording sites 
are very different. Some of these differences may be 
due to the known patchy nature of ischaemia and 
localised differences in collateral response. It is also 
difficult to analyse the small changes in QT interval 
because the heart rate in the patients, who were not 
paced, was variable. We agree that rate correction of 
the QT interval is inappropriate and may be mis- 
leading." Bazett’s correction, and other for- 
mulas” are intended to compensate for physiological 
variation in heart rate. However, the relation bet- 
ween QT interval and heart rate depends not only on 
the instantaneous interval between beats but also 
upon the variation in the heart rate during the 
preceding 2-3 minutes.” In addition it is affected 
by other factors such as autonomic tone.” The QT 
interval is known to increase in ischaemia owing to 
increased dispersion of action potentials. In most 
patients in whom the heart rate was steady during the 
sequence of balloon occlusion the QT interval was 
prolonged although this was not inevitably the case. 
This again is possibly because of differences in local 
microcirculatory tone. 

Recordings of monophasic action potential 
correlated with the repolarisation phase of the 
underlying transmembrane potential.” Changes in 
action potential duration are a sensitive index of the 
early electrophysiological changes produced by 
regional myocardial ischaemia. The monophasic 
action potential characteristically records electrical 
events occurring within a radius of 2-3 mm.” ” This 
localised nature of the recordings is one of the main 
advantages of monophasic action potential record- 
ings over electrograms and electrocardiograms. 
Though the monophasic action potential recording 
was Close to the area of intervention in most patients 
the monophasic action potential did not register any 
ischaemic change. This indicates the limited extent 
of the ischaemia during the 60 second angioplasty 
occlusion. 

The localised zone of initial ischaemia also accords 
with the relatively greater ST shift seen in the 
electrogram than in the electrocardiogram. 
Angiographic evidence of the development of 
collaterals seemed to influence the ST segment in the 
electrogram. 

When the deflated balloon was positioned across 
the stenosis ST elevation was often seen in the 
electrogram in those patients without evidence of the 
development of collaterals, but there was little or no 
ST elevation when collaterals were present, except in 
one patient. The presence of collaterals seemed to 
lessen the degree of ST elevation in the electrogram 
associated with balloon inflation. After angioplasty 
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when the deflated balloon was still in position across 
the stenosis we often saw residual ST elevation in 
patients with no evidence of collaterals but it was 
usually only slight when collaterals were present. 

Undoubtedly, the relative sizes of the deflated 
balloon and the patent diameter of the stenotic areas 
will have influenced the above results. After angio- 
plasty these relative sizes will be more disparate in 
patients with a good result than in patients with a 
moderate result. Residual ST elevation was less 
pronounced in patients with a good result than in 
patients with a moderate result (table 3). 

In one patient T wave alternans developed that was 
obvious in the electrogram but not seen in the 
electrocardiogram or monophasic action potential 
(fig 6); this shows that alternans can be a local 
phenomenon and can be silent in the electrocar- 
diogram. It is reasonable to assume that the alternans 
of the T wave in this patient reflects alternating local 
differences in action potential duration. Alternans 
has been shown to be arrhythmogenic in the presence 
of ischaemia by various mechanisms including trig- 
gered activity and re-entry.”™ In our patient ven- 
tricular extrasystoles were common when alternans 
was present but not in its absence. The truly local 
nature of this alternans is highlighted by the persis- 
tence of the sequence of changes in T wave amplitude 
when ventricular extrasystoles intrude and the 
activation vector is altered. 

We conclude that in patients undergoing angio-’ 
plasty the electrophysiological changes occurring 
within the myocardium during a 60 second balloon 
inflation sequence are usually very localised. These 
changes are thereby more obvious in an electrogram 
recorded directly from the area than in the more 
distantly placed electrocardiogram. The signals 
obtained from the right coronary artery are of low 
voltage and do not yield a useful record unlike those 
from the left system. The usual absence of changes in 
the monophasic action potential when the recording 
electrode was in the area supplied by the vessel 
undergoing angioplasty further emphasises the very 
local nature of the ischaemic changes. The local 
nature of the electrogram signal is further supported 
by the presence in one patient of electrical alternans 
that was silent in the electrocardiogram and mono- 
phasic action potential. The QT interval in the 
electrogram did not correlate with the QT interval in 
the electrocardiogram. The resting ST segment in 
the electrogram and the shift associated with balloon 
inflation seemed to be influenced by angiographic 
evidence of collaterals. Finally, the intracoronary 
electrogram in the left system provides useful access 
for the electrophysiological recording of early 
ischaemic events, which may be useful in certain 
patients during angioplasty and may have a research 
application. 
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A study of nerves containing peptides in the 
pulmonary vasculature of healthy infants and 
children and of those with pulmonary hypertension 


KIM M ALLEN, JOHN WHARTON,* JULIA M POLAK,* SHEILA G HAWORTH 
From the Institute of Child Health and *Royal Postgraduate Medical School, London 


SUMMARY Nerves containing peptides that supply the human intrapulmonary vasculature were 
studied in 21 controls aged one month to 24 years and in 13 patients with pulmonary hypertension 
aged 11 days to eight years. An indirect immunofluorescence technique was used to study the 
distribution and relative density of nerve fibres containing the general neuronal marker, protein 
gene product 9-5; tyrosine hydroxylase; synaptophysin; neuropeptide tyrosine; vasoactive 
intestinal polypeptide; substance P, somatostatin; and calcitonin gene related peptide. Atall ages in 
normal and hypertensive lungs neuropeptide tyrosine was the predominant neuropeptide 
associated with the pulmonary vascular nerves. In normal lungs the relative density of nerve fibres 
increased during childhood only in the arteries of the respiratory unit. Pulmonary hypertension 
was associated with the premature innervation of these arteries during the first year of life. 
Innervation of small, abnormally thick-walled pre-capillary vessels by predominantly vasocon- 
strictor nerves may help to explain the susceptibility of infants to pulmonary hypertensive crises. 


There is no reliable effective medical treatment for 
pulmonary hypertension. Children with potentially 
reversible pulmonary vascular disease can die after a 
technically successful intracardiac repair because of 
the development of pulmonary hypertensive crises 
that become intractable to all forms of treatment. 
Pharmacolological management of pulmonary 
hypertension might be improved by understanding 
how the pulmonary vasculature is innervated in such 
a lung. 

During normal development the wall structure of 
the entire pulmonary arterial tree is remodelled. 
Connective tissue is deposited and medial smooth 
muscle cells differentiate, acquiring a contractile 
rather than a synthetic phenotype.’ The concentra- 
tion of contractile myofilaments increases and the 
type of cytoskeletal proteins change.” In children 
with pulmonary hypertensive congenital heart dis- 
ease these changes are accelerated or abnormal.’ The 
relation between remodelling of the pulmonary 
arteries and pulmonary innervation in the human 
lung is unclear. In the normal immature pig lung 
differentiation of smooth muscle cells is accompanied 
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by an increase in the density of presumed sympath- 
etic nerves.‘ Experimental studies showed trophic 
interactions between sympathetic nerves and vas- 
cular smooth muscle cells.’ 

The adult human pulmonary vasculature is 
innervated by noradrenergic and cholinergic 
nerves*’ but these nerves also contain other putative 
transmitters, including several vasoactive peptides, 
which may have a regulatory role in the pulmonary 
circulation. Examples of such peptides identified in 
mammalian pulmonary nerves include vasoactive 
intestinal polypeptide’ (predominantly in parasym- 
pathetic nerve fibres), substance P and the neuro- 
kinins’ and calcitonin gene related peptide” (all 
present in sensory nerve fibres), and neuropeptide 
tyrosine” (in sympathetic fibres) as recently re- 
viewed by Lundberg et al.’? 

We used immunocytochemical techniques to 
examine the innervation of the pulmonary vas- 
culature in the normal and pulmonary hypertensive 
human lung. The overall pattern of innervation was 
studied with an antiserum to general neuronal cyto- 
plasmic marker, protein gene product 9-5. Specific 
subpopulations of nerve fibres were identified by 
antibodies to neuropeptides and to the enzyme 
tyrosine hydroxylase which synthesises cate- 
cholamines. 


354 
Patients and methods 


The innervation of the intrapulmonary arteries and 
veins and the bronchial arteries was examined at 
necropsy in 18 children and three adults without 
cardiopulmonary disease and in 13 children who had 
pulmonary hypertension (table 1). In 11 children, 
pulmonary hypertension was caused by congenital 
heart disease and two had primary idiopathic pul- 
monary hypertension of the newborn. Lung tissue 
was obtained less than 24 hours after death. Blocks of 
tissue (1 cm? x 0-5 cm) were dissected out from the 
hilum to the periphery to include airways and their 
associated arteries so that elastic, large and small 
muscular arteries were samples in addition to the 
alveolar region of the lung. Tissue blocks were fixed 
overnight (9-12 hours) at 4°C in a modified Bouin’s 
solution.‘ After the tissue was rinsed in several 
changes of phosphate buffered saline (0-1 mol/l, 
pH 7:2) containing 15% (w/v) sucrose and 0:1% 
sodium azide, cryostat blocks were prepared and 
stored in liquid nitrogen. Transverse cryostat sec- 
tions (15 ym thick) were collected on glass slides 
coated with poly-L-lysine and allowed to dry for an 
hour at room temperature. Before immunostaining 
by the indirect immunofluorescence technique, sec- 
tions were immersed in phosphate buffered saline 
containing 0:2% Triton X-100 for an hour at room 
temperature, rinsed in phosphate buffered saline, 
then counterstained with pontamine sky blue (BDH 
Chemicals) to reduce background autofluorescence. 
The innervation was shown with primary anti- 
sera? to general neuronal markers and specific 
neuropeptides (table 2). The general neuronal cyto- 
plasmic marker protein gene product 9-5 occurs in all 
peripheral nerves and in all regions of the neurone."* 
Synaptophysin is a membrane protein specifically 
associated with small secretory vesicles thought to 
contain the classic neurotransmitters in nerve ter- 
minals.” Antisera to both the sequences flanking the 
active and carboxy terminals of the neuropeptide 
tyrosine precursor molecule were used and have been 
shown to have an identical distribution pattern.’ 


Table 1 Data on 21 controls and 13 infants and children 
with pulmonary hypertension 


Controls Pulmonary hypertension 
Age No Age No 
1 moth 3 11 days 1 

2 mnths 2 2 mnths 3 

3 mnths 2 6-10 mnths 2 
4 mnths 2 1-1-5 yrs 3 
9-10 mnths 2 2-5-3 5 yrs 3 
1-1-5 yrs 3 8 yrs 1 
2-5-3-5 yr 4 

Adult 3 
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Tachykinin-like immunoreactivity was shown with 
antibodies raised to substance P but which cross react 
with the neurokinins A and B. Sections were 
incubated with fluorescein isothiocyanate-con- 
jugated sheep anti-rabbit IgG (Wellcome Diagnos- 
tics) for an hour at room temperature. After a further 
rinse in phosphate buffered saline, sections were 
mounted in phosphate buffered saline/glycerol. Con- 
trols included the application of pre-immune serum 
as first layer and diluted primary antisera preabsor- 
bed with peptide (1-20 x 1076 mol/l). Tissue sec- 
tions were examined by a fluorescence microscope 
(Olympus Vanox AH-2). 

We checked that the pulmonary vasculature in 
those who died without cardiopulmonary disease was 
indeed normal. Therefore blocks of tissue from areas 
of the lung adjacent to those used for the immuno- 
fluorescence study were prepared for light micro- 
scopical examination after staining with haematoxy- 
lin and eosin and with Miller’s elastin stain counter- 
stained with van Geison’s stain. The percentage 
arterial medial thickness (2 x medial thickness 
divided by external diameter) in arteries of different 
sizes and the external diameter of arteries within the 
respiratory unit was determined and the findings 
were compared with those of a previous extensive 
light microscopical study of normal pulmonary 
arterial development.” 


Results 


FEATURES COMMON TO ALL THOSE EXAMINED AT 
ALL AGES 

Intrapulmonary arteries 

The distribution of nerves accompanying the pul- 
monary arteries was assessed by the general neuronal 
marker, protein gene product 9-5. Immunoreactivity 
was seen in nerve trunks and single varicose fibres or 
fascicles (figs 1 and 2a and b). Nerve trunks contain- 
ing preterminal axons were found in the mid-outer 
adventitia of arteries proximal to the respiratory unit. 


Table 2 Antisera used to test for peptides in nerves 


Antiserum to Code Dilution 
General nestronal markers: 
Protein gene product 9 5 1648 1:600 
Synsptophysin 1623 1:800 
Siete ide subty; 
de tyrosine 1086 1:400 
& ing ete gees of NPY 1411 1:600 
Vasoactive intestmal peptide 652 1:2000 
Somatostatin 1082 1:400 
Substance P 910 1:500 
Calcitonin gene related peptide 1208 1:200 
Atal natriuretic peptide (1-28) 1607 1:200 
Tyrosme hydroxylase 1731 1:100 


(See © for further characterisation of these antisera.) 


Nerves in hypertensive pulmonary vasculature 





Fig 1 Photomicrograph of transverse section of an elastic 
intrapulmonary artery showing nerve trunks in the adventitia 
(arrow) that are immunoreactive for protein gene product 
9-5. L, lumen; M, media. Scale bar = 50 um. 





(a) 


Fig 2 


Immunoreactive 
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They ran mainly parallel to the vessels and decreased 
in size and number from the hilum. Single, mainly 
varicose, nerve fibres and fascicles occurred 
predominantly at the adventitial-medial border and 
in the inner part of the adventitia in all arteries. No 
nerve fibres were seen within the media of small 
muscular arteries and only rarely penetrated into the 
outermost lamellar unit of elastic arteries. Nerve 
fibres were never seen accompanying arteries within 
the alveolar wall. 

Most of the nerve fibres immunostained for 
protein gene product 9:5 seemed to be sympathetic in 
origin, showing both tyrosine hydroxylase (fig 2a and 
b) and neuropeptide tyrosine immunoreactivity (fig 
3). Subpopulations of nerves showing immunoreac- 
tivity for other neuropeptides were far less common, 
fibres immunostained for vasoactive intestinal pep- 
tide being the most abundant of these. Immunostain- 
ing for vasoactive intestinal peptide was localised in 
fine, sparsely distributed varicose fibres, most com- 
monly associated with small muscular arteries 
immediately proximal to the respiratory unit (fig 4). 
These nerves were occasionally seen with elastic and 
respiratory unit arteries. Varicose fibres that were 
immunoreactive for calcitonin gene related peptide 
were common in the nerve trunks but not else- 
where (fig 5). Somatostain-like and tachykinin-like 
immunoreactive fibres were rare in all types of artery. 





e= 





nerve fibre 


Respiratory 
Unit 


Alveolus 





(b) 


(a) Tyrosine hydroxylase immunoreactive perivascular nerve fibres (arrow) at the adventitial-medial border of an 


alveolar duct artery in a child aged two and a half. Scale bar = 50 um. (b) Diagram of terminal bronchiolus (TB) and 
airways of respiratory unit accompanied by an innervated pulmonary artery (PA). RB, respiratory bronchiolus; AD, 


alveolar duct. Square indicates area shown in (a). 





Fig 3 
neuropeptide tyrosine immunoreactivity accompanying an 


Photomicrograph showing nerve fibres expressing 


alveolar duct artery and respiratory bronchiolar 
artery (arrowhead) in a three month old child. Scale bar 
= 50 um. 


arrow 


INTRAPULMONARY VEINS 

The nerves immunostained for protein gene product 
9-5 that accompanied the large proximal veins had a 
different distribution from that seen in proximal 
arteries; they formed a dense network throughout the 
adventitia (fig 6). Also these veins were more densely 
supplied with varicose nerve terminals, and nerve 
fibres could be found penetrating the muscle coat and 
extending to the subendothelium. There were more 
synaptophysin immunoreactive fibres present than 
in the arteries. In the wall of these veins and in the 
surropnding myocardial sheath most nerve fibres 
showed immunoreactivity for tyrosine hydroxylase 
and neuropeptide tyrosine. In some of the large 
proximal veins there was also a relatively dense 
subpopulation of somatostatin immunoreactive 
fibres, but fibres stained for other peptides were rare. 
Within the respiratory unit the veins were less 
densely innervated than the arteries. Atrial 
natriuretic peptide was localised to myocardial cells 
around hilar veins but was not detected elsewhere in 
the lung. 


Bronchial arteries 
Nerves accompanying the arteries of the systemic 
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circulation were localised at the adventitial-medial 
border and like the pulmonary arteries were 
predominantly immunoreactive for neuropeptide 
tyrosine and tyrosine hydroxylase. 


CHANGES IN NERVE SUBTYPE AND 

DISTRIBUTION RELATED TO AGE 

In controls, changes in nerve distribution with age 
were confined to the arteries of the respiratory unit. 
In children aged 1—4 months, approximately one 
third of arteries accompanying alveolar ducts were 
not innervated but by the age of 2:5 almost all were 
innervated and in adulthood they were invariably 
innervated. While most nerves supplying arteries 
accompanying alveolar ducts were immunoreactive 
to protein gene product 9:5 and neuropeptide 
tyrosine, rare fibres containing vasoactive intestinal 
peptide were also found. Nerve fibres could not be 
shown accompanying veins lying in the alveolar 
region in individuals aged 1:5 years or less. In those 
aged 2-5 years, however, a small proportion of these 
veins were accompanied by protein gene product 9-5 
and fibres that were immunostained for neuropep- 
ude tyrosine. 


FINDINGS IN PULMONARY HYPERTENSION 
In the lungs of patients with pulmonary hypertension 


Fig 4 Photomicrograph showing varicose nerve fibres 
(arrows) that were immunoreactive for vasoactive intestinal 
peptide accompanying small muscular arteries of a three 
month old child. Scale bar = SO jum. 


Nerves in hypertensive pulmonary vasculature 





Fig5 Photomicrograph showing nerve fibres (arrow) that 
were immunoreactive for calcitonin gene related peptide 
associated with a muscular pre-acinar artery in the lung of a 
two and a half year old child. Scale bar = 50 jum. 


the density and distribution of the different sub- 
populations of nerve fibres within arteries and veins 
lying proximal to the respiratory unit were similar to 
that in the normal individuals at all ages. Within the 
respiratory unit, however, in all these patients 
alveolar duct arteries (fig 2a) were accompanied by 
protein gene product 9-5 (fig 7) and nerve fibres that 
were immunoreactive for neuropeptide tyrosine (fig 
8), even in those who were only 11 days old. The two 
patients with idiopathic persistent pulmonary hyper- 
tension also showed extension of nerves into more 
distal veins than was normal for their age. We found 
no other differences in distribution or expression of 
peptide immunoreactivity. 


Discussion 


This study showed that the innervation of the human 
pulmonary vasculature increases during childhood. 
Many arteries and veins of the respiratory unit did 
not have any accompanying nerve fibres in children 
aged 1—4 months, but the proportion of innervated 
vessels increased with age. This increase was more 
pronounced in the arterial than in the venous bed. 
These findings contrast with those in the pig where 
the distribution of nerves was as extensive at birth as 
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in mature animals and nerve density in all arteries 
increased with age.’ These differences may be 
associated with the earlier extension of smooth 
muscle to more peripheral arteries and the faster 
differentiation of vascular smooth muscle cells in the 
pig.' 18 

In the human lung, nerves supplying the large 
intrapulmonary arteries and veins differed in their 
distribution, because varicose nerve terminals were 
often seen penetrating the muscle coat in veins but 
not arteries. This may reflect a difference in the way 
in which the nerve stimulus is propagated in the two 
types of vessel. In the arteries, this may be due to 
diffusion of neurotransmitter across the vessel wall or 
to electrocoupling of the medial smooth muscle cells 
via gap junctions.” In the veins, however, the 
greater amount of connective tissue and fibroblasts 
may hinder such processes and help explain the more 
direct innervation of venous smooth muscle cells. 
Alternatively, the scarcity of nerves in the media of 
arteries may be related to the higher intra-arterial 
pressure because pressure-induced degeneration of 
somatic nerves has been shown in the sheep carotid 
artery.” 

Most perivascular nerves were presumed to be 
sympathetic in origin in both normal and abnormal 
tissue at all ages. They expressed both tyrosine 





Rt l 3 AO! \ ; 
Fig6 Photomicrograph of a large proximal vein in a two 
month old child showing an extensive network of fasciles and 


nerve fibres that were immunoreactive for neuropeptide 
tyrosine throughout the vessel wall. Scale bar = 50 um. 





Fig 7 Photomicrograph showing nerves that were 
immunoreactive for protein gene product 9-5 localised to the 
adventitial-medial border of abnormality thick walled intra- 
acinar arteries in a two month old child with pulmonary 
hypertension. Scale bar = 50 um. 


hydroxylase and neuropeptide tyrosine immuno- 
reactivity. Neuropeptide tyrosine has a direct effect 
mediating vasoconstriction and an indirect effect 
modulating noradrenergic vasoconstriction via both 
pre and post synaptic mechanisms.*'* In the mus- 
cular pulmonary arteries of the rabbit, neuropeptide 
tyrosine was found to potentiate noradrenaline 
evoked vasoconstriction,” but little is known about 
the distribution and density of specific neuropeptide 
tyrosine receptors in the pulmonary vasculature. 

In children with pulmonary hypertension who 
were less than one year old, the arteries of the 
respiratory unit seemed to be prematurely innervated 
by sympathetic-like nerve fibres. Associated changes 
in the smooth muscle cells of these peripheral arteries 
also occur over a similar period of time. Cells which 
would normally be pericytes, intermediate cells, or 
smooth muscle cells with a synthetic phenotype 
become hypertrophied and have an increased con- 
centration of myofilaments and dense bodies and 
thus show ultrastructural features typical of differen- 
tiated smooth muscle cells with a contractile pheno- 
type.’ Many of these changes are an acceleration of 
the normal pattern of development. In both the 
normal and pulmonary hypertensive lung, the 
development of the sympathetic innervation seems to 
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occur in parallel with an increase in the amount of 
smooth muscle in peripheral arteries and with an 
increase in the differentiation of that muscle. Sym- 
pathetic nerves may be exerting a long term trophic 
effect on the vascular muscle cells. Certainly in 
culture, vascular smooth muscle cells undergo an 
accelerated maturation in the presence of sympath- 
etic nerves and also show increased incorporation of 
protein in the presence of contractile agonists.’ * 

In all the controls and children with pulmonary 
hypertension vasoactive intestinal peptide and 
somatostatin (presumed parasympathetic) and 
tachykinin and calcitonin gene related peptide (sen- 
sory) immunoreactive nerve fibres were more spar- 
sely distributed than the relatively dense, presumed 
sympathetic innervation of the pulmonary vas- 
culature. Previous studies showed both nerves and 
specific binding sites in the small muscular pulmon- 
ary arteries of the adult lung that were immunoreac- 
tive to vasoactive intestinal peptide.” * In the present 
study, at all ages vasoactive intestinal peptide fibres 
seemed most abundant in the small muscular arteries 
just proximal to the respiratory unit—arteries that 
can be considered as the resistance vessels of the lung. 
Extensive innervation of these vessels suggests that 
the flow of blood into the respiratory unit and 





Fig8 Photomicrograph showing fibres (arrow) that were 
immunoreactive to neuropeptide tyrosine running around the 
adventitial border of an alveolar duct artery in a two month 
old patient with pulmonary hypertension. Scale bar = 

50 um. 


T 


Nerves in hypertensive pulmonary vasculature 


capillary bed is partly under neurogenic control. 

Vasoactive intestinal peptide,*” substance P,” 
and calcitonin gene related peptide” are all potent 
vasodilators and all have been shown to relax pul- 
monary arteries in man or other species. As with 
vasoactive intestinal peptide, specific binding sites 
for substance P” and calcitonin gene related peptide” 
have been localised to medial smooth muscle cells of 
human intrapulmonary arteries by in vitro 
autoradiography. Whether or not the action of the 
vasoactive peptides is endothelium-dependent is 
particularly important in the context of pulmonary 
hypertension because endothelial damage and de- 
nudation can be seen in the small muscular arteries of 
many pulmonary hypertensive children after the age 
of six months.’ Substance P seems to require an intact 
endothelium™™ to be effective whereas vasoactive 
intestinal peptide and calcitonin gene-related peptide 
seem to be less endothelium dependent.” ” If in the 
children with pulmonary hypertension endothelial 
damage reduces the effectiveness of endothelial 
dependent vasodilator neuropeptides, this might 
explain why pulmonary hypertensive crises develop 
in some children but not others. All the patients with 
pulmonary hypertension had abnormally thick 
walled, prematurely innervated respiratory unit 
arteries. Numerous other vasoactive substances 
acting on and produced by the endothelium may be 
just as important. Studies on receptor localisation, 
density, and kinetics and on the interaction between 
vasoactive peptides, endothelium, and vascular 
smooth muscle in the immature lung are indicated. 

The present study indicates that the vasoconstric- 
tor peptide, neuropeptide tyrosine, is the predomin- 
ant neuropeptide in the pulmonary circulation at all 
ages, in both the normal and pulmonary hypertensive 
lung. In infants with pulmonary hypertension, the 
premature innervation of peripheral, abnormally 
thick walled, pulmonary arteries may be important in 
the aetiology of pulmonary hypertensive crises—the 
vasoconstrictor episodes which characterise the 
postoperative course of many young children after 
intracardiac repair. 


This work was supported by grants from the British 
Heart Foundation and the National Fund for 
Research into Crippling Diseases. SGH is supported 
by the British Heart Foundation. 
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Transvenous ablation of atrioventricular conduction 
with a low energy power source 


EDWARD ROWLAND, DAVID CUNNINGHAM, ARIF AHSAN, 
ANTHONY RICKARDS 


From the National Heart and Lung Institute and National Heart and Chest Hospitals, London 


SUMMARY A power source modified to increase voltage delivery and minimise arcing (for a given 
energy) was used for transvenous ablation of atrioventricular conduction to control refractory 
supraventricular arrhythmias in 14 patients. Twelve had atrial fibrillation or flutter, one had 
atrioventricular nodal reentry tachycardia, and the other had permanent junctional reentry 
tachycardia. Despite treatment with 5-7 (median 6) antiarrhythmic drugs symptoms had persisted 
in all the patients. Cathodal discharges of 0-5-39-5 J were delivered to the distal electrode (in one 
case in parallel with the middle electrode). In all patients shocks produced complete atrioven- 
tricular block; this was permanent in eleven (79%). Four patients required a second procedure. In 
one patient, only a transient atrioventricular block could be produced and catheter ablation with a 
conventional power source also failed. In the other two atrioventricular conduction was modified 
such that previously ineffective treatment produced satisfactory control of heart rate. The 
cumulative energy delivered to those in whom permanent complete heart block resulted ranged 
from 3-6 to 97-8 (mean 38-3) J with a mean of three shocks (range 1-7) delivered per patient. During 
follow up of 1-28 (mean 14) months 11 patients remained in complete heart block and free of 


arrhythmia. 


Transvenous ablation of atrioventricular conduction 
conventionally uses high energy discharges gen- 
erated by a standard defibrillator and has become an 
accepted and effective method of creating complete 
atrioventricular block in patients with refractory 
supraventricular arrhythmias..* The precise 
mechanism by which these high energies destroy the 
atrioventricular conduction system is unknown but 
high energy discharges produce an explosive flash 
(arcing) that is associated with a raised local tem- 
perature and a high intensity pressure wave.°* 
Examination of the Ablation Registry showed that 
this technique achieved complete heart block in 63% 
of patients and that the mean cumulative stored 
energy required was 611 J.‘ The recommended con- 
ventional technique uses one or more shocks of 150— 
300 J delivered between one electrode of a standard 
6F or 7F pacing catheter and a back plate.’ Several 
adverse effects have been reported including myocar- 
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dial rupture,® and there is concern about intravas- 
cular haemolysis’ and right ventricular dysfunction,” 
and that gas bubbles may be produced in both 
ventricles immediately after the shock.” Although it 
is not clear which properties of the high energy cause 
the desired clinical effect it seems likely that many of 
these adverse effects result from the pressure wave. 

We have designed a power source that shortens the 
energy delivery time in order to produce shocks that 
increase peak voltage and current for a given ener- 
gy.’ Our previous work has shown that this energy 
source has a higher arcing threshold than a standard 
defibrillator, with the result that local electrical 
effects predominate over those resulting from arcing 
(barotrauma).” 


Patients and methods 


Fourteen patients with drug refractory supraven- 
tricular arrhythmias underwent attempted transven- 
ous ablation of atrioventricular conduction. Twelve 
had paroxysmal or established atrial fibrillation or 
flutter, one had paroxysmal atrioventricular nodal 


361 


362 


Rowland, Cunningham, Ahsan, Rickards 


Table Data on patents who had ablation of the atrioventricular pathway by the new ablater 








Previous Test shocks Defiratwve shocks Climcal Follow up 
Case Age Sex Dragnoss treatment (J) (J) outcome (mnath) 
1 54 M PJRT DVQFBADs 22 37-5 1 28 
2 69 F PAFI DVBASD»:Q 20 5-1 2 27 
3 63 M PAFI DVAQP 05 31 1 24 
4 61 M PAF DVBASQ 14 5 7/21 8/29 3/16-5/16 5/3 1* 
` 27 0/27 1/29 4/38 9 
5 52 F PAF DVBASDsF (1) 1-6 R 65 3 18 
29 — 2) 22 l 
6 75 M AF ` DVASDsFP — 6 9/17 4/38 2 2 17 
7 65 M PAF QDBVSA 16 19-9 1 14 
8 69 M PAF DVBDsA 16/16 26 3/277 1 14 
9 63 F EAT DVDsAP 14 211 1 14 
10 50 F AF DVADsF (1) 1-5/1 6 (1) 22 3/34-0 3 12 
(2)16 2) 36 8 1 
1 6 F PAF DVBADsQ ü)— (1) 22 8/21 4 3 10 
Or 2) 34 0 1 
12 72 F PAF DVBADsF (1) 1-0/1 3/20 1)44 3 9 
(2)— (2) 12 0/20 1/20 1 
13 69 M PAFI DVBAF 12 8-9 1 7 
14 65 F AVNRT DVBDsQAP 13/24 — 1 7 


Diagnoss PJRT, permanent junctional reentry tach 


a, PAFI, paroxysmal atrial flutter, PAF, paroxysmal atrial fibrillation, EAT, 


ycardi: 
ectopic atrial tachyca rdia; AF, established atnal fibrillation, AVNRT, atrioventricular nodal reentry tachyearda 
Drugs. D, , dizon, V, verapar , verapamil, Q, quinidine, B, 8 blockers, Ds, disopyramude; P, flecainide, S, sotalol, P, propafenone, A, amiodarone 


All energies are 
procedures. 


Invered values Where second procedures were perfo: 


the values are indicated for the first (1) and second (2) 


Clinical outcome 1, complete heart block; 2, mpaired atnoventricular conduction, 3, no effect 


*Surgical ablation of atrioventncular conduction 


reentry tachycardia, and one had the permanent form 
of junctional reentry tachycardia. All patients had 
received at least five antiarrhythmic drugs, including 
amiodarone, which had either been ineffective or had 
been stopped because of side effects (table). None 
had undergone previous transvenous ablation. 
Antiarrhythmic drugs were stopped before the 
procedure in 11 patients—the other three were 
continued on atrial stabilising drugs to prevent atrial 
arrhythmias during ablation. 


PROCEDURE 
After informed consent had been obtained and 
premedication given a small (4F or 5F) pacing 
electrode was introduced percutaneously via the 
right subclavian vein, positioned at the apex of the 
right ventricle, and used for temporary ventricular 
pacing. The His bundle electrogram was recorded 
with a 7F USCI tripolar electrode in 13 cases (a 6F 
tripolar electrode was used in the other) and 
positioned adjacent to the tricuspid valve. Three 
patients were in atrial fibrillation at the time of the 
procedure and an adequate (2200 pV). His bundle 
could not be identified; external DC cardioversion 
was performed in order to restore sinus rhythm. In 
these a third electrode was used for temporary atrial 
pacing to maintain atrial stability after DC cardio- 
version. 

Bipolar and unipolar electrograms from the 
tripolar electrode catheter were recorded and the 
position of the electrode catheter adjusted until the 


largest His bundle electrogram was recorded on the 
distal pair. Unipolar electrograms were also recorded 
to ensure that the distal electrode had the largest His 
bundle component. If the atrial electrogram on the 
bipolar signal was lower in amplitude than the His 
bundle potential the catheter was withdrawn towards 
the atrium. 

When the optimal His bundle electrode catheter 
position had been identified the patient was anaes- 
thetised, a defibrillator plate placed under the left 
scapula, and the His bundle electrogram re-checked. 
A blood sample was then taken for estimation of the 
serum concentration of creatine kinase (total and MB 
fraction). 

The power source used in this study was a specially 
designed ablater (Cardiac Recorders CR60), the 
characteristics of which have been described.” This 
device produces a capacitive discharge without 
inductance modification. We used resistive atten- 
uators and precision differential amplifiers to 
measure the delivered voltage and current: the 
waveforms were recorded on a Gould 1425 digital 
storage oscilloscope and data (8 bit) transferred on a 
serial link to a microcomputer (Hewlett-Packard 
150) for computation of energy, power, and 
impedance. All shocks were delivered synchronously 
with the R wave of a surface electrocardiogram lead. 

The cathodal output of the ablater was connected 
to the distal electrode of the His bundle electrode 
catheter and “test” shocks of 0-5, 1, or 2 J were 
selected and delivered to test the responsiveness of 
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atrioventricular conduction. If right bundle branch 
block was produced the His bundle electrode cath- 
eter was withdrawn towards the atrium. In one case 
the electrode catheter prolapsed into the atrium when 
it was withdrawn; the electrode catheter was 
therefore positioned optimally and further shocks 
were delivered through the distal and middle 
electrodes which were connected in common. The 
response of the atrioventricular conduction system 
was observed for up to 25 minutes. 

When complete heart block did not persist ‘“‘defin- 
itive” shocks of 5, 10, 20, 30, or 40 J were then 
selected and delivered, the energy level chosen 
depending on the degree and duration of heart block 
produced by the test shock. Shocks were delivered in 
the same configuration as that used for the test 
shocks. The effect of the definitive shock was mon- 
itored for 25 minutes and if complete heart block 
persisted no further shocks were delivered. If 
atrioventricular conduction returned further shocks 
of 20, 30, or 40 J were administered. 

The patients were observed for 24 hours and a 
permanent rate responsive ventricular demand 
pacemaker (VVI) or atrioventricular sequential 
pacemaker was implanted when third degree 
atrioventricular block persisted or when evidence of 
considerable impairment of atrioventricular conduc- 
tion remained. In those in whom atrioventricular 
conduction returned to normal the ablation 
procedure was repeated. On this occasion test shocks 
were not used; an energy level above that used at the 
first ablation attempt was selected (that is, 20, 30, or 
40 J). 

After each ablation procedure blood was collected 
for estimation of creatine kinase at eight and 24 
hours. 


Results 


Permanent complete heart block was achieved in 11 
patients, there was no change in atrioventricular 
conduction in one patient, and in the other two 
patients atrioventricular conduction was modified. 
Fifty shocks were delivered in the 14 patients and the 
mean cumulative energy delivered was 50-4 (range 
3-6-212-2) J. Figure 1 shows the overall persistence 
of atrioventricular conduction in response to the 
shocks. In those in whom permanent complete heart 
block was achieved the mean cumulative energy 
delivered was 38-3 (range 3-6-97:7) J and the mean 
number of shocks required was three (range 1-7). 


TEST SHOCKS 

Test shocks were not used in two patients because the 
electrode catheter was believed to be in an unstable 
position and creation of a heart block was thought to 
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Fig 1 Survival of atrioventricular conduction in response to 
increasing energy. Each of the fifty shocks used is plotted. In 
three patients (21% ) atrioventricular conduction survived 
intact. For the purposes of the survival curve the highest 
energy shock delivered to a patient who attained permanent 
heart block was assumed to have been successful. 


be more pressing. In one patient the test shock 
(delivered energy 2-4 J) produced permanent 
complete heart block, associated after 18 hours witha 
narrow QRS escape rhythm of 55 beats/min. In two 
patients the test shock resulted in transient right 
bundle branch block and withdrawal of the His 
bundle electrode toward the atrium was associated 
with transient complete heart block when a 
subsequent test shock was used. Therefore in 11 
patients delivered energies of 0-5-2-2 J produced 
transient interruption of atrioventricular conduction 
which lasted for 30 seconds to 23 minutes. 


DEFINITIVE SHOCKS 
Between one and nine shocks ranging from 3-1 to 
38:9 J were delivered in 13 patients. In six permanent 
complete heart block was achieved with a single 
definitive shock (delivered energy 3-1-37-5 J) (fig 2). 
In one patient only transient interruption of 
atrioventricular conduction could be achieved. In 
this patient the His bundle electrogram remained 
small (100 pV), despite repositioning of the electrode 
catheter, and repeated shocks of increasing intensity 
in various positions did not interrupt atrioventricular 
conduction. Electrode catheter ablation performed 
subsequently with a conventional power source 
(300 J shocks) was equally ineffective. In the remain- 
ing six patients transient atrioventricular block resul- 
ted from the first definitive shock and one or two 
further shocks were required to produce complete 
heart block for the duration of the observation 
period. 

Four patients had a second ablation procedure 
performed because complete heart block did not 
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Fig 2 In patient 2 (a woman of 69) a synchronised shock of 5 J(*} was delivered during sinus rhythm and resulted in 
complete heart block, with simultaneous mduction of atrial flutter. Electrocardswgraphic leads I, II, III, and VI are shown. 


persist after the first attempt and atrioventricular 
conduction returning within 2-6 hours. Complete 
heart block was achieved in all of them at the second 
procedure. 

In three patients atrial fibrillation was induced by 
one of the ablation shocks but non-sustained or 
sustained ventricular tachycardia or ventricular 
fibrillation was not induced in any of them. 

In 11 patients serum concentrations of creatine 
kinase were measured before and after the procedure 
and in two there was a significant rise, but both 
patients had had multiple transthoracic cardio- 
versions to establish sinus rhythm during the abla- 
tion procedure. In none of the patients was there a 
significant increase in the creatine kinase MB frac- 
uon. 


FOLLOW UP 

Complete heart block was maintained in 11 patients 
during follow up of 7-28 (mean 14) months. In each 
patient either a rate responsive ventricular demand 
(10 patients) or atrioventricular sequential pace- 
maker was implanted. None of these patients is being 
treated with antiarrhythmic agents and none has 
symptomatic palpitation. One patient had an uncom- 
plicated anterior myocardial infarction 11 months 
after the ablation and another experienced an episode 
of persistent chest pain five months later but had 
no enzyme evidence of infarction. Surgical ablation 
of the His bundle was successful in the patient in 
whom both modified and conventional ablation 
failed. 

In two patients atrioventricular conduction 
seemed to return late after the ablation but when it 
did there was evidence of impaired conduction. In 
patient 6 atrial fibrillation recurred 24 hours after the 
procedure and was conducted at a mean ventricular 
rate of 68 beats/minute compared with 122 beats/ 
minute before ablation. Although the resting and 
exercise heart rates during atrial fibrillation 
subsequently increased they remained well 


controlled on digoxin. Before ablation they had 
remained uncontrolled despite combined treatment 
with digoxin and verapamil. This patient was not 
paced and repeated ambulatory electrocardiographic 
recordings did not show prolonged pauses. The other 
patient who presented with paroxysmal atrial flutter, 
was in complete heart block after a 5-1 J discharge 
and this was thought to be present at the end of the 
observation period. Closer analysis showed that there 
was high degree (6:1) atrioventricular block at the 
end of the procedure; subsequently paroxysms of 
atrial flutter were conducted slowly. A symptomatic 
episode of palpitation recurred, however, six months 
after the ablation and atrial flutter with 2:1 atrio- 
ventricular block was documented. Treatment with 
digoxin was started and further attacks of atrial 
flutter were associated with high degree atrio- 
ventricular block. 


Discussion 


Electrode catheter ablation of atrioventricular 
conduction is used to treat patients with supra- 
ventricular arrhythmias who continue to have 
symptoms while taking medical treatment or who are 
intolerant of medical treatment. Data collected by the 
Ablation Registry showed that permanent complete 
heart block was produced in 63% of 360 patients who 
had ablation of the atrioventricular tract (mean 611 J/ 
patient).‘ Similar results were reported from the 
United Kingdom and France.’ * Complications may, 
however, follow the use of these high energy shocks. 
Ventricular arrhythmias may occur in the short term 
as may hypotension and cardiac perforation.** There 
is a short lived rise in cardiac enzymes'* and evidence 
that right ventricular function may be impaired in the 
long term.” Follow up of the registry patients also 
showed that 2% died suddenly in the mean follow up 
period of nine months.‘ 

A defibrillator is conventionally used as the power 
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source for catheter ablation, despite the fact that to 
minimise injury to the chest wall it has a waveform 
that is designed to lumit the peak current for a given 
energy. Because the intention of catheter ablation is 
to cause localised damage this waveform may not be 
appropriate. 

Several physical events result from the discharge 
of a high voltage through a small intracardiac 
electrode.°* The precise physical features of the 
energy that cause damage are unknown. After dis- 
charge of the defibrillator an intense electric field 
surrounds the intracardiac electrode and current 
flow results in resistive heating. With all but the 
lowest defibrillator energies arcing will occur across 
the gas that builds up around the electrode as a 
consequence of this local heating. Arcing will result 
in a high pressure shock wave that will propagate 
without local attenuation.” The series inductance in 
the output circuit of a standard defibrillator retards 
the rate of discharge of the capacitor and increases the 
time to peak voltage. This allows a high voltage to be 
present when insulating gas has formed around the 
electrode and therefore arc formation is encouraged. 
The modified ablater was designed to deliver similar 
voltage but over a shorter interval, in part to allow 
delivery of the maximum amount of energy before 
the build up of gas. This design permits higher 
voltage and current to be delivered for a given energy 
and allows the local effects of cellular electric field 
dielectric breakdown, ionisation, and heating to 
predominate over barotrauma.” It is likely that the 
rise in temperature is limited to such an extent that it 
does not produce any important tissue damage. 

Our results indicate that electrode catheter 
ablation of atrioventricular conduction is successful 
in a high percentage of patients at considerably lower 
energies than previously reported. We measured the 
delivered voltage and current and were therefore able 
to compute delivered energy. Such measurements 
have not been systematically reported before and 
therefore comparisons with other series cannot easily 
be made. In most previous studies only the stored 
energies or the energy delivered to a nominal resis- 
tance were recorded. It is difficult, therefore, to 
establish the relation between the voltages and 
currents associated with the energies used in this 
study and those seen with conventional defibrillator 
shocks. Trantham et al, however, did record voltage 
and current in 12 patients undergoing electrode 
catheter ablation by conventional shocks of 200 and 
300 J—the mean peak voltages were 2:16 and 2-40 kV 
and the mean peak currents were 42-2 and 582A 
respectively.” In those patients in our series in whom 
a single definitive shock caused permanent complete 
heart block, the mean energy was 16-4 (range 
2:4-37-5) J, the mean peak voltage 1-85 (range 


0:79-2:78) kV, and the mean peak current 15-5 
(range 4:6-25) A. 

We used standard electrodes and techniques for 
His bundle recording as well as standard criteria for 
determining the optimal site for energy delivery. 
Other studies have also attempted to reduce the 
energy requirements for electrode catheter ablation 
of atrioventricular conduction. Holt et al used the 
specially shaped design of helical permanent pacing 
electrodes to ensure both a closer contact with the 
target and direct the energy. Four shocks of 50 J 
each in 10 patients achieved complete heart block in 
seven. Polgar et al used a suction electrode to obtain 
close contact with the His bundle and achieved 
complete heart block in three of five patients with 
single shocks of 50-150 J.° Although the serum 
concentration of creatine kinase was raised the con- 
centration was lower than in a comparative group 
undergoing atrioventricular ablation ın the conven- 
tional method. McComb er al attempted electrode 
catheter ablation of atrioventricular conduction in 
seven patients at low levels of energy (20-50 J) froma 
defibrillator in an attempt to impair but not destroy 
atrioventricular conduction.” Single initial shocks of 
50 J, however, produced permanent complete heart 
block in three patients. 

The absence of a rise in cardiac enzymes in our 
patients is intriguing. The peak voltages (and 
associated peak currents) seen in our patients are 
equivalent to energies 5-10 times higher when a 
standard defibrillator is used. Therefore the electric 
field intensities are similar to those encountered 
when the conventional technique is used and cardiac 
enzymes are increased.” If as seems possible myo- 
cardial damage is produced as a consequence of the 
diffuse effect of a shock wave, possibly by means of 
cavitation, this provides further circumstantial 
evidence that this modified waveform reduces the 
arcing tendency and results in a lower pressure shock 
wave for a given peak voltage. 

Our protocol for determining the efficacy of 
individual shocks differed from reports of other 
methods. We used test shocks in an attempt to 
determine whether the catheter was positioned at the 
correct level of the conduction system and addition- 
ally to provide a guide to the responsiveness of 
atrioventricular conduction to electrical discharge. It 
is clear that the energy-response relation with our 
technique is wide and presumably influenced by the 
proximity of the electrode to the conducting system. 
Whether the amplitude of the His bundle electro- 
gram is a useful guide to proximity remains con- 
troversial. In some studies it correlated with clinical 
efficacy? while in others no relation was found.’ 
Clearly no individual value for the amplitude of the 
His bundle potential will determine successful 
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catheter ablation. We attempted on each occasion to 
position the electrode catheter so that it recorded an 
amplitude > 200 4V, and in two of the three patients 
in whom complete heart block was not achieved the 
His bundle potential was <200uV. 

Test shocks may dislodge the electrode. If this 
happens the catheter will have to be repositioned 
while the His bundle is temporarily disrupted and 
therefore not producing as large an electrical signal. 
In fact movement of the electrode catheter was slight 
at these low energies, but during the shocks and for 
the observation period afterwards the operator held 
the catheter to maintain its position. If dislodgement 
had been an important problem we would have 
expected a higher incidence of repeat procedures. 
But only four (29%) of 14 required second ablations 
compared with 37% and 58% in larger series.’ * 

This study showed that permanent ablation of 
atrioventricular conduction can be achieved with a 
purpose built ablater. This power source achieved 
complete heart block with cumulative energies that 
were several times lower than those required with a 
conventional defibrillator. This power source, which 
was designed to optimise the local electrical effects 
and reduce the tendency to arcing, gave results that 
suggested that arcing is not essential for the ablation 
of atrioventricular conduction. We do not know 
whether avoidance of arcing and its attendant effects 
will improve the long term outcome of patients 
undergoing ablation. 
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Clinical efficacy of intravenous amiodarone in the 
short term treatment of recurrent sustained 
ventricular tachycardia and ventricular fibrillation 
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From the 1 Medizinische Abteilung des Allgemeinen Krankenhauses der Stadt Linz, Austria 


SUMMARY The clinical efficacy of intravenous amiodarone in terminating sustained ventricular 
tachycardia and in preventing recurrences of ventricular tachycardia and ventricular fibrillation 
was evaluated in 26 patients. All of them presented with organic heart disease accompanied by 
depressed left ventricular function. Intravenous amiodarone terminated spontaneous ventricular 
tachycardia in eight of 19 patients. Fifteen of the 26 patients had had at least one episode of 
ventricular tachycardia or ventricular fibrillation each day in the period immediately before the 
intravenous administration of amiodarone. Amiodarone controlled ventricular tachycardia or 
ventricular fibrillation in nine of these 15 patients; in three further cases it was successful when 
supplemented by additional administration of a previously ineffective antiarrhythmic drug and 
ventricular pacing. Two patients died despite these measures. In one, the amiodarone infusion had 
to be stopped because of an arrhythmogenic effect. Sustained deterioration of haemodynamic 
function or of pre-existing intraventricular conduction disturbances was never seen. 

Intravenous amiodarone was effective in terminating sustained ventricular tachycardia and in 
preventing frequent episodes of ventricular arrhythmia that were refractory to other anti- 


arrhythmic drugs. 


Long term treatment with oral amiodarone is effec- sustained ventricular tachycardia or ventricular 


tive in ventricular tachycardia and ventricular 
fibrillation refractory to conventional antiarrhythmic 
drugs.'” Prolonged administration is required to 
achieve these antiarrhythmic effects, and oral amio- 
darone is not an appropriate treatment for acute 
tachycardia.‘ Intravenous amiodarone, however, had 
a rapid effect on supraventricular tachycardias.” ć Its 
role in the short term treatment of life threatening 
ventricular arrhythmias has not yet been determined. 
We report the results of using intravenous 
amiodarone for the termination and short term 
control of recurrent sustained ventricular tachycar- 
dia and ventricular fibrillation. 


Patients and methods 


We treated 26 patients (table 1) with recurrent 
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fibrillation with a standardised dose of intravenous 
amiodarone. 

Table 2 lists the antiarrhythmic agents that failed 
to suppress tachycardia before intravenous amio- 
darone was tried. The following were administered: 
intravenous lignocaine (a loading dose of 1 to 2 mg/kg 
body weight followed by a continuous infusion of 2-4 


Table1 Climcal features of 26 patients treated with 
intravenous antiodarone 


Variable Result 
Males/females 7 
Age (yr) (mean (1 SD)) 59 (10) 
Heart disease: 

Coronary disease 21 
Previous myocardial inferction 19 
Ventricular aneurysm 7 

Dilated cardiomyopathy 3 

Hypertensive heart disease 1 

Valvar heart disease 


on fraction (%) (mean (1 SD)) 


1 
Eyecu 30-9 a 
Previous DCC (n) (mean (1 SD)) 64 


DCC, direct current countershock. 
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Table 2 Unsuccessful drug treatment 


Case Intravenous Oral 

1 L,P,M F,A 

2 L,P — 

3 L,P M 

4 — P, M, F 
5 L,M P,A 

6 LLM P,Q 

7 L,P A 

8 L,P,M A,F 

9 L,P,M — 

10 L, P M 

1} — P,Q, M,F 
12 L, P,M A 

13 — P, A, M,F 
14 L M,P 

15 L — 

16 — P, M, A, F 
17 LPM A,F 

18 L P,M — 

19 L, P,M — 

20 L, P, M = 

21 L P,D 

22 L,P,M — 

23 L, P, M = 

24 L, P = 

25 L,P,M — 

26 L, P D, F 


A, praymalium bitartrate; D, disopyramide; F, flecainide; L, 
lignocaine, M, mexiletine; P, propafenone; Q, qumidine. 


mg/min); intravenous mexiletine (a loading dose of 
100-250 mg, followed by 250 mg for the next hour, 
another 250 mg for the next two hours, and subse- 
quently a continuous infusion of 1 to 2 mg/min); 
intravenous propafenone (a loading dose of 1 mg/kg 
body weight followed by a continuous infusion of 
0-5-1 mg/min); oral prajmalium bitartrate (80 
mg/day); oral disopyramide (400 mg/day); oral 
flecainide (200-300 mg/day); oral mexiletine (a load- 
ing dose of 1000 mg in the first 24 hours followed by 
600 mg/day); oral propafenone (900 mg/day); oral 
quinidine 1:2 g/day. Amiodarone was given as 
follows: 5 mg/kg body weight in the form of a short 
term infusion within 20 minutes, followed by a 
continuous intravenous infusion of 1050 mg over 24 
hours. Oral treatment was started on the second day 
with 600-800 mg/day for the next 13 days, followed 
by a maintenance dose of 400 mg/day. The electro- 
cardiogram and blood pressure were monitored 
continuously in the coronary care unit. The last 
electrocardiogram recorded before the administra- 
tion of intravenous amiodarone and the one 
immediately after the conclusion of the 24 hour 
amiodarone infusion were used for the electrocar- 
diographic diagnosis. 

Serum concentrations of amiodarone and desethyl 
amiodarone were measured by high pressure liquid 
chromatography. 

The results were analysed for statistical signifi- 
cance by Snudent’s t test. 
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Results 


SHORT TERM CONVERSION OF SUSTAINED 
VENTRICULAR TACHYCARDIA TO SINUS RHYTHM 
We attempted to terminate a ventricular tachycardia 
with intravenous amiodarone in 19 of our 26 patients, 
Termination of ventricular tachycardia was not seen 
in any of them without medical or electrical 
measures. All of these patients were haemo- 
dynamically stable at the beginning of the infusion. 
Electrical cardioversion was performed whenever the 
ventricular tachycardia was not terminated 60 min- 
utes after the start of intravenous amiodarone or 
whenever the patient became haemodynamically 
unstable. The intravenous amiodarone was effective 
in terminating a spontaneous ventricular tachycardia 
in eight out of 19 patients within 31-1 (20) minutes. 
The termination was preceded by a decrease in the 
tachycardia cycle length in three patients, but 
occurred abruptly without prior reduction of cycle 
length in the remaining five. Comparison of the 
tachycardia rates shows that the mean value (161-9 
(19-0)/min) was significantly lower in the group in 
which drug administration terminated the arrhyth- 
mia (p < 0-05) than in the patients who ultimately 
had to be treated with cardioversion (187-5 (24-7)/ 
min). The difference in ejection fractions between 
both groups (drug treatment 25-8 (8-2)%, electrical 
cardioversion 31:7 (9-6)%) was not statistically sig- 
nificant. 


PREVENTION OF FREQUENT RECURRENCES OF 
VENTRICULAR TACHYCARDIA AND VENTRICULAR 
FIBRILLATION 

Fifteen of the 26 patients had at least one episode of 
ventricular tachycardia or ventricular fibrillation 
every day in the period (3-8 days) immediately 
preceding the intravenous amiodarone treatment. 
Because of severe heart failure, three out of the 15 
were being treated with dopamine or dobutamine 
before the amiodarone infusion. In nine of the 15 
patients tachycardia was suppressed solely with 
intravenous amiodarone. Six, however, continued to 
have episodes of sustained ventricular tachycardia or 
ventricular fibrillation during the first 24 hours 
without change in cycle length. These could not be 
suppressed even with a further short term infusion. 
In three of the six patients short term control of the 
arrhythmia was achieved by supplementing the treat- 
ment with a previously ineffective antiarrhythmic 
drug and ventricular pacing. Despite these measures 
two patients continued to have frequent episodes of 
the same arrhythmia they showed before treatment 
and they died of an arrhythmic cause. In the sixth 
patient, the amiodarone infusion had to be stopped 
because of an increase in ventricular tachycardia with 
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transition to ventricular fibrillation. During the 
second and third week three patients had repeated 
recurrences of spontaneous clinical ventricular 
tachycardia on oral amiodarone treatment despite 
combination with other antiarrhythmic agents. 
Catheter electrode ablation was attempted in one. 
This proved unsuccessful, however, and an anti- 
tachycardia pacemaker had to be implanted. Coron- 
ary bypass surgery and an aneurysmectomy were 
performed in the other two and in the patient who 
showed an arrhythmogenic effect in response to 
amiodarone. 

The following side effects were seen: thrombo- 
phlebitis on seven occasions, flush once, sinus arrest 
after electrical cardioversion once, and an increase of 
arrhythmia once. In the patient with the sinus arrest a 
normal sinus rhythm was restored immediately after 
the intravenous administration of 1 mg atropine. 
Hypotension, which we saw five times during short 
term infusion, and persistent ventricular tachycardia 
were rapidly eliminated by cardioversion. 


ELECTROCARDIOGRAPHIC FINDINGS 
Table 3 shows that the RR and PR intervals were not 
affected by intravenous amiodarone. Neither was the 
QTc time nor the QRS duration. Eleven of the 26 
patients had conduction disorders before the 
intravenous administration of amiodarone: first 
degree atrioventricular block in three cases, right 
bundle branch block in two, and a left bundle branch 
block in two. Two further patients had an incomplete 
right bundle branch block, and two an incomplete 
left bundle branch block. Intravenous amiodarone, 
however, never caused a deterioration in atrioven- 
tricular or intraventricular conduction in any of the 
11 patients with pre-existing conduction disorders, 
neither did it provoke new disturbances of this type 
in any of the remaining 15 patients. 


SERUM CONCENTRATIONS OF AMIODARONE AND 
DESBTHYL AMIODARONE CONCENTRATION 
(figure 1) 

In three patients the serum concentrations of amio- 
darone and desethyl amiodarone were measured 
immediately before and after the short term infusion. 
They were also measured every two hours during the 


Table 3 Electrocardtographic effects of the amiodarone 
infusion (mean (1 SD)) 





Interval Control (ms) Intravenous amiodarone (ms) 
RR 74) Oe 713 (178) 

PR 180 fie 185 (33 

QRS 99 (16) 102 {i 

QTc 462 (65) 467 (53 





There were no significant differences between the control and 
amiodarone results. 


Serum amiodarone (pg/ml) 
nN w D on 
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Hours of intravenous infusion 
Figure Ttme course of serum amiodarone concentration 
during intravenous armodarone tnfusion in three patients. 
Note the peak immediately after the short term infuston and 
the nearly constant blood concentrations from the second to 
the twenty fourth hour. 


24 hour intravenous treatment. Serum concentra- 
tions of amiodarone reached an initial peak of be- 
tween 4-9 and 7:8 ug/ml immediately after the short 
term infusion. During the succeeding period of 
observation they ranged from 0-5 to 1:5 g/ml. Con- 
centrations of desethy! amiodarone, however, be- 
haved differently. In one patient this metabolite was 
found four hours after treatment started, but in the 
remaining two it was never detected during the 
intravenous infusion. 


Discussion 


This study shows that intravenous amiodarone can 
be used safely and effectively for the short term 
control of frequent recurrent ventricular tachycardia 
and ventricular fibrillation and also for the termin- 
ation of sustained ventricular tachycardia. The rate 
of termination in our patients—eight out of 19—is 
lower than the average of 70% in other reports.”” 
This discrepancy is primarily the result of different 
rates of amiodarone administration. We started treat- 
ment with a short term infusion rather than a bolus, 
which occasionally results in severe complications.‘ 
In five patients in whom persistent ventricular 
tachycardia was rapidly corrected by cardioversion, 
hypotension occurred during short term infusion of 
amiodarone. Therefore close supervision and contin- 
uous monitoring not only of the electrocardiogram 
but also of blood pressure are recommended during 
intravenous amiodarone administration. 

Of greater clinical significance than the termin- 
ation of sustained ventricular tachycardia is the 
prompt efficacy with which amiodarone prevented 
ventricular tachycardia and ventricular fibrillation in 
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our patients. Thus intravenous amiodarone on its 
own controlled tachycardia in nine of the 15 patients 
with frequent attacks of ventricular tachycardia or 
ventricular fibrillation that were refractory to other 
antiarrhythmic drugs. In addition three further 
patients were stabilised by supplementary adminis- 
tration of a previously ineffective antiarrhythmic 
drug and ventricular pacing. Similar positive results 
were also reported by Morady et al, who treated their 
patients mainly by repeating a bolus,’® and by 
Saksena et al, who performed continuous infusions 
for 4-7 days." Blood concentrations of amiodarone at 
the dosage we chose tend to be at the lower end of the 
range generally regarded as therapeutically effective. 
Therefore an increase of the dose infused over 24 
hours might be expected to lead to better results, 
especially in patients with frequent attacks. 

Only occasionally during the treatment with 
intravenous amiodarone did serious side effects 
occur that required the treatment to be stopped or the 
application of additional measures. The augmen- 
tation of the arrhythmias seen in one patient started 
30 minutes after the start of treatment and persisted 
for about an hour after interruption of the infusion. 
This arrhythmogenic effect was not accompanied by 
a QTc prolongation, although such a correlation has 
been reported during oral amiodarone.” During 
the sinus arrest which occurred after cardioversion a 
supraventricular escape rhythm and a fall in blood 
pressure were seen. The immediate intravenous 
administration of 1 mg atropine resulted in rapid 
restoration of sinus rhythm and normalisation of 
blood pressure. A few weeks before this patient 
showed normal sinus node function in a follow up 
electrophysiological study. Although a sinus arrest 
was reported to have been induced by intravenous 
amiodarone in one instance, the cause of the arrest in 
our case cannot be clearly attributed to the drug, 
because bradycardia seems to occur in 25% of all 
ventricular arrhythmias treated by cardioversion.” ” 

All our patients showed depressed left ventricular 
function and some of them had severe congestive 
heart failure. Nevertheless we never saw a lasting 
deterioration of cardiac output. Others had con- 
firmed that intravenous amiodarone is well tolerated 
provided bolus doses are avoided. `“ In our patients 
we found no alterations in the surface electrocar- 
diogram during the 24 hour infusion of amiodarone. 
This observation was also reported by Wellens et al.’* 
But Saksena et al found a prolongation of the RR, 
PR, QRS, and QTc intervals.’ Because their 
infusion lasted 4-7 days, these changes are likely to be 
typical type III effects like those produced by long 
term oral administration. In long term oral treatment 
there is a correlation between antiarrhythmic action 
and QTc prolongation.” ® Because a QTc prolonga- 
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tion cannot be detected during short term intraven- 
ous amiodarone administration, the short term effect 
in intravenous administration seems to be based 
upon the inhibition of the rapid inward sodium 
current, which was shown especially during acute 
superfusion with the drug in previously untreated 
papillary muscles by Mason et al.” An effect of 
amiodarone on the rapid inward sodium current was 
also suggested earlier by Coumel and Bouvrain™ and 
Surawicz.”! 

Neither the short term infusion nor the subsequent 
24 hour intravenous administration of amiodarone 
led to a deterioration of the atrioventricular or 
intraventricular conduction in any of our patients. 
This also held true when there was a pre-existing 
conduction disorder. Because of the effect of the drug 
on the atrioventricular node it should only be given 
after insertion of a pacemaker lead in patients with 
atrioventricular block. 


LIMITATIONS OF THE STUDY 

Because amiodarone was administered intravenously 
in all 26 patients we are not able to make a statement 
about the efficacy of this drug compared with that of 
other intravenously administered antiarrhythmics. A 
controlled comparative study, however, is imprac- 
ticable because it would not be acceptable to stop a 
successful treatment in critically ill patients. Because 
all 26 patients were treated with other antiarrhythmic 
agents until just before the start of intravenous 
treatment, an additive effect cannot be ruled out. 
None the less, these antiarrhythmic agents were not 
effective when administered alone. 

Intravenous amiodarone treatment with the 
specified dosage is effective both in the termination 
of sustained ventricular tachycardia and in the acute 
control of frequently recurring ventricular tachycar- 
dia and ventricular fibrillation that are refractory to 
treatment with other antiarrhythmic agents. With 
appropriate monitoring intravenous amiodarone can 
be used safely even in patients with left ventricular 
dysfunction and intraventricular conduction distur- 
bances. 
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Inaccuracies in using aortic valve gradients alone to 
grade severity of aortic stenosis 


MJ GRIFFITH,* CATHERINE CAREY,+ DJ COLTART, BSJENKINS, 
M M WEBB-PEPLOE 


From the Department of Cardiology, St Thomas’ Hospital, London 


SUMMARY ‘The severity of aortic stenosis is an important determinant of prognosis in patients with 
symptoms who do not undergo valve replacement. To assess the pitfalls of using valve gradients 
alone 636 patients with aortic stenosis in whom the aortic valve area had been calculated by the 
Gorlin formula were studied. The correlation between valve area and aortic gradients was poor. No 
gradient was found that was both sensitive and specific for aortic stenosis. The maximum 
predictive accuracy was 81% for a mean gradient of 30 mm Hg and 80% for a peak gradient of 30 
mm Hg. A mean gradient of 50 mm Hg or a peak gradient of 60 mm Hg were specific with a 90% or 
more positive predictive value. It proved difficult, however, to find a lower limit with a 90% 
negative predictive value. Patients with severe aortic stenosis and low gradients (peak or mean 
gradient of < 30 mm Hg) had small ventricles (on both angiographic and echocardiographic data) 
with good ejection fractions and so were unlikely to be detected subjectively. In comparison 
patients with mild aortic stenosis and low gradients tended to have more aortic regurgitation but 
have similar degrees of left ventricular hypertrophy on echocardiographic or electrocardiographic 


criteria. 


The aortic valve area should be measured in all patients with the suspicion of severe aortic 
stenosis with a mean gradient of <50 mm Hg (50% of patients in this study) or a peak gradient of 


<60 mm Hg (47% of patients in this study). 


The severity of aortic stenosis, as assessed by valve 
area, is an important determinant of prognosis in 
patients with symptoms who do not undergo valve 
replacement.’ The widespread use of aortic valve 
gradients alone, either derived invasively or by 
Doppler echocardiography, is likely to be an in- 
accurate way of assessing the severity because it 
ignores cardiac output. This inaccuracy is increased 
by the fall in cardiac output as aortic stenosis 
progresses.7* Furthermore, patients with low cardiac 
outputs have a very poor short term prognosis if the 
valve is not replaced." 

We studied the inaccuracy of both mean and peak 
aortic valve gradients alone in predicting aortic valve 
area and the values of valve gradient at which valve 
area must be calculated to ensure accurate assessment 
of the severity of aortic stenosis. 
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Patients and methods 


METHODS 

Over a 10 year period 636 consecutive patients with a 
precatherisation diagnosis of aortic stenosis were 
studied at St Thomas’ Hospital. Patients were cath- 
eterised if they had symptoms or if the clinical 
diagnosis of severe aortic stenosis was made. Because 
Doppler assessment of the gradient or valve area was 
not available (or in its development phase), no 
attempt was made to grade the severity on the basis of 
the echocardiogram. All patients underwent full left 
and right heart catheterisation. All had an aortic 
valve gradient >10 mm Hg. Patients with mitral 
stenosis or >grade I mitral regurgitation were 
excluded from the study. Cardiac output was calcu- 
lated by indocyanine green dye dilution. Dye was 
injected in the pulmonary artery and measurement 
was made with an earpiece densitometer and dye 
curve analysis was performed by a Nihon Kohden 
cardiac output computer.® This was verified by the 
fore-’n-aft triangle method.” The mean of three 
measurements was calculated. 
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Angiographic volumes were measured by plani- 
metry from the right anterior oblique angiogram.® 
Intracardiac distances were calibrated by moving the 
angio table a known distance and using the tip of the 
pigtail catheter in the left ventricle as the reference 
point. Extrasystolic or post-extrasystolic beats were 
excluded and angiographic stroke volume and car- 
diac output were then calculated by planimetry. The 
aortic valve gradient was measured by withdrawal of 
a fluid filled catheter across the valve. In atrial 
fibrillation simultaneous measurements were ob- 
tained with twin lumen catheters and the transseptal 
approach was used when the aortic valve could not be 
crossed retrogradely. Peak to peak gradients were 
measured directly and the mean gradient was 
measured by computerised planimetric integration, 
averaged over a minimum of five beats. The systolic 
ejection period was calculated in the standard 
manner. The aortic valve area was then calculated 
with the classic Gorlin formula’ based on the green 
dye cardiac output, unless there was grade 3 or 4 
aortic regurgitation, when the angiographic cardiac 
output was used. 


alve fi ml/mi 
Aortic valve area (cm?) = Arielle aa 


Electrocardiographic left ventricular hypertrophy 
was defined as being present if the sum of the S wave 
in lead V1 and the R wave in lead V5 or V6 was 
>35 mm.” 

One operator performed and reported 90% of the 
echocardiograms. The M mode was guided by cross 
sectional images, using the ATL 300 or the Hewlett- 
Packard 7702A machines. The echocardiographic 
dimensions of the wall and cavity were measured just 
below the tips of the mitral valve leaflets in the 
parasternal view. Wall dimensions were measured at 
the end of diastole. 


STATISTICAL ANALYSIS 

Log plots of mean and peak gradients were plotted 
against the aortic valve area to determine the corre- 
lation coefficient. We used logarithmic plots because 
the relation is not linear. Because of the possibility 
that lack of correlation was a function of aortic 
regurgitation this was repeated with the patients 
divided into subgroups by angiographic grade of 
aortic regurgitation. Severe aortic stenosis was 
defined as a valve area of <0-9 cm? and the sensi- 
tivity, specificity, and diagnostic accuracy were cal- 
culated for the range of values of aortic valve 
gradients. Both these functions were performed on 
the University of London computer by the Statistical 
Analysis System. Student’s ¢ test was used to com- 
pare continuous variables and 7’ was used for propor- 
tions. 


44-5 mean valve gradient 
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Table 1 Patient details 


Variable Result 

Sex 29% female 

Mean (SD) age $8 (il)yr 

Mean valve area 094 (0-71) cm? 

Peak gradient 60:3 (35) mm Hg 
Mean gradient 50°6 (25) mm Hg 
Mean EF 57 (15)% 

Mean CI 33 (1 6) Ymin/m* 
Mean LVEDI 951 (45) ml/m? 

EF, angio; c ejection fraction; CI, cardiac index; LVEDI, 


angiographic left ventricular volume index. 


Results 


Table 1 summarises the patient details. The aortic 
valve area was calculated in all patients and the peak 
gradient was available in 597 patients. The patient 
population studied had a range of severity of aortic 
stenosis with a mean aortic valve area of 0-94 cm’. 
Table 2 shows the details of the patients’ symptoms. 
Nearly all the patients had symptoms (94% )—with 
chest pain in 58% and syncope in 23%. The patients 
with severe aortic stenosis were significantly more 
likely to have symptoms and specifically more likely 
to have chest pain or syncope than those patients with 
mild aortic stenosis. Figures 1 and 2 show the plots of 
aortic valve area against mean and peak gradients and 
figs 3 and 4 show the log plots. There is a wide degree 
of scatter and this is reflected in the poor correlation 
seen with r values of — 0-71 and — 0-70 for mean and 
peak gradients respectively calculated by linear 
regression from the logarithmic plots. There was 
little difference when the patients were subdivided 
according to grade of aortic regurgitation (table 3). 
When there was no aortic regurgitation the r value 
reached — 0-78 for the mean gradient. 

Table 4 examines the effect of age on the correla- 
tion. There was little difference between the various 
age groups except in the patients aged > 70 in whom 
the correlation was much poorer (0:53 for mean 
gradients and 0-43 for peak gradients). 

Tables 5 and 6 show the sensitivity and specificity 
of aortic valve gradients from 20 to 100 mm Hg for 
peak gradients and mean gradients respectively. The 
maximum predictive accuracy is 81% for a mean 


Table2 Patients symptoms tn relation to severity of aortic 
Stenosis 





Symptoms Severs stenosis Mild stenosis 
None 15/443 (3% 25/217 (12% 
Chest pain 274/443 (82% * 108/217 (50%)* 
Syncope 129/443 (29%,)* 27/217 (12%)* 
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Fig 1 A plot of aortic valve area against mean gradient gave a quadratic regression line. 


gradient of 30 mm Hg and 80% fora peak gradientof with a 90% positive predictive value and the lower 
30 mm Hg. limit with a 90% negative predictive value. A peak 

We hoped to establish a range of highly specificor gradient of 60 mm Hg and a mean gradient of 50 
sensitive gradients for clinical use—the upper limit mm Hg were used as the upper limits. It proved 
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Fig 2 A plot of aortsc valve area against peak gradient gave a quadratic regression line. 
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Fig 3 A plot of the natural logarithm of aortic valve area against the peak aortic valve gradient gave a 
hnear regression line. 
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Fig 4 A plot of tke logarithm aortic valve area against mean aortic valve gradient gave a linear regression lme. 
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Table3 Correlation coefficients for the logarithmic plots of 
mean and peak gradients and valve area by angiographic 


grade of aortic regurgitanon 

Aortic valve gradient 
Grade cers 
AR Peak Mean Number* 
0 —0:73 —0:78 n 
1 -0 63 —0 68 270 
2 —0 68 — 0-66 189 
3 — 0-69 —0-69 97 
4 — 063 —068 7 
All -070 ~0O71 636 
AR, angiographic grade of aortic 


tation 
*Number of patients with that grade of aortic regurgitation. 


Table 4 Correlation coefficients for the logarithmic plots of 
mean and peak gradients and valve area by age group of 
patients 





Aortic value gradient 
Age (yr) Peak Mean Number 
<40 0-64 0 64 47 
40-49 076 0-76 87 
50-59 0-69 070 176 
60-69 0-72 0-73 262 
>70 0-53 053 88 
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difficult to define a lower limit that correctly clas- 
sified a reasonable number of patients, so we used 
both 20 mm Hg and 30 mm Hg for the mean and 
peak gradients. With these criteria 12% of patients 
with a mean gradient <20 mm Hg and 18% of 
patients with a peak gradient of <20 mm Hg would 
be misclassified as having mild aortic stenosis. The 
figures increased to 23% and 30% respectively when 
a lower limit of 30 mm Hg was used. These patients 
were looked at in more detail (see table 7). As 
expected, these patients with low gradients and 
severe stenosis had low cardiac indices and usually 
had little or no aortic regurgitation, but their ejection 
fractions were normal with normal end diastolic 
volume indices. The ejection fractions were in fact 
better than in those patients with mean or peak 
gradients <20 mm Hg and mild stenosis but the 
misclassified patients had significantly smaller ven- 
tricles by angiographic or echocardiographic estima- 
tion (p < 0-05). The patients with severe stenosis had 
less aortic regurgitation. There was no significant 
difference in left ventricular hypertrophy when 
determined by either echocardiographic wall dimen- 
sions or on electrocardiographic criteria, though 
there was a trend for patients with mild aortic 
stenosis to have more electrocardiographic left ven- 


Table5 Power of peak aortic valve gradients to predict severe aortic stenosis (aortic valve area < 0-9 cn?) in 569 panents 








Predictive value Number 
Gradient of 
(mm Hg) Speafiaty (%)  Sensnvity (%) +ve (%) ~oe (%) Accuracy (%)  patuents* 
< 20 89 
> 20 42 96 79 82 
> 30 59 89 83 70 80 33 
> 40 72 81 86 62 78 38 
> 50 78 74 88 57 76 58 
> 60 88 64 92 51 71 69 
> 70 92 48 93 44 71 60 
> 80 95 34 93 38 53 29 
> 90 96 27 94 37 48 41 
>100 98 18 96 34 42 74 





*Patients with gradients >10 mm Hg. 


Table 6 Power of mean aortic valve gradients to predict severe aortic stenosis (aortic valve area <0°9 cm’) in 636 patients 


E Predictive valus Number 
Gradient of 
(mm Hg) Speafiaty (%) Sensitivity (%) +00 (%) os (%) Accuracy (%)  patsents* 
< 20 77 
> 20 33 98 75 88 77 82 
> 30 60 92 83 TT 81 79 
> 40 73 80 86 63 TI 83 
> 50 84 66 90 54 72 101 
> 60 93 46 93 45 61 81 
> 70 97 30 95 40 51 67 
> 80 99 15 97 36 42 26 
> 9 100 9 98 4 38 27 
> 100 100 3 100 33 4 13 


*Number of patents with gradients > 10 mm Hg. 
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Table 7 Details of patients msclassified when gradients with a 90% predictive accuracy were used 





CI EF LVED Septum PW LVH 
Gradient Number (ilminn?) AR>1 (cm'|n?) EDVI (cm) (em) (cm) (%) 
en A E E A E EE N AE E E E S N E T E EE 
All: 
Mild 217/660 46 T2% 58% 116 60 127 114 45 
Severe 443/660 27% 35%** 57% 86** 53 1:38* 1 20** 50 
Mean < 20 mm Hg. 
d 68/ 77 (78%) 41 50/ 68 73%) 53% 126 65 122 103 48 
Severe 9/ 77 (12%) 24** 2/ 9 (22%)** 58% 81* 55 130 112 50 
Mean > 50 mm Hg 
Mild 31/315 Opes 5-9 29/ 31 (aon) 61% 118 57 1-39 120 47 
Severe 284/315 (90% 2:8** 109/284 (39%)** 58% 83** 5-14* 1-42 126 53 
Mean < 30 mm Hg: 
Mild 123/159 AR 4i 81/123 (67%) 55% 118 63 1-22 109 45 
Severe 36/159 (23%) 22** 6/ 36 (17%)** 57% 85** 5 axe 130 112 23* 
Peak < 20 mm Hg 
Mild 73] 89 (82%) 43 56/ 73 (77%) 56% 118 6:3 125 113 43 
Severe 16/ 89 (18%) 2-3k 1j 16 (6%)** 62% 80* 49x 118 - 107 20 
Peak > 60 mm Hg: 
Mild 20/273 (71%) 5-7 16/ 20 (80%) 63% 110 54 138 1-18 50 
Severe 253/273 (93%) 28** 100/253 (40%)** 57% 83x 5+] 142 126 52 
Peak < 30 mm Hg 
` Mild 102/145 42 T4102 EER 57% 116 61 1:26 1-13 44 
Severe 43/145 (%) 2-344 135 (14%)** 58% 84* 5-2e* 127 112 29 





This table shows ın detail the patients who would be misclassified 1f gradients alone were used to grade the severity of aortic stenosis. The gradients used 
tive predictive value for severe aortic stenosis and the i 
mean and peak gradients. Because no smgle gradient gave a predictive accuracy of >90% for mild aortic 


es than angiographic grade 1 aoruc regurgitauon; EF, angiographic ejecuon fraction; EDVI, 
area > 0-9 cm’, severe, aortic valve area <0 9 cm’ 


are the minimum gradient that had a >90% 
predienve value for mild gortic stenosis for bo 


CL cardiac index, AR > 1 = number of patients 
angiographic end diastolic volume mdex; Lacie padi 
*p < 005 and **p < 0 01 for comparisons between mild and severe stenosis. 


ye naed two gradients (20 mm He and 30 rat Hg 


tricular hypertrophy. This difference was significant 
for mean gradients of < 30 mm Hg. At <30 mm Hg, 
the peak gradient is more likely to underestimate 
severity. Body surface area was the same in the two 
groups. 

The higher gradients were more useful because 
they gave a much lower level of misclassification 
(10% for a mean gradient of >50 mm Hg and 7% 
with a peak gradient of > 60 mm Hg). Furthermore, 
most (94% and 78%) of these patients had > grade 1 
aortic regurgitation. The ejection fraction was 
similar to that in patients with severe aortic stenosis 
but again these patients had significantly smaller 
ventricles and there was no difference in echocar- 
diographic wall dimensions or electrocardiographic 
left ventricular hypertrophy. 

Of the patients studied 36% and 38% respectively 
had intermediate gradients that were neither sensi- 
tive or specific enough to be used on their own (peak 
from 20-60 mm Hg, mean from 20-50 mm Hg). 


Discussion 
An objective measure of the severity of aortic stenosis 


is important as it is on this basis that the decision for 
aortic valve replacement is made. If the valve area is 


maximum 


accepted as the best measure available then this study 
shows the inadequacy of using aortic valve gradients 
alone. Haemodynamic studies of prognosis in severe 
aortic stenosis have been limited because the effec- 
tiveness of aortic valve replacement was demon- 
strated before modern haemodynamic methods were 
available." The recent study by Turina and 
colleagues in patients who refused operation showed 
that prognosis was best predicted by the valve area.’ 
Patients with symptoms and a valve area of <0-9 cm? 
had a poor prognosis while those with a larger valve 
area with or without symptoms had a good prognosis. 
Symptom free patients did not have the same poor 
prognosis; this result is further supported by the 
study by Kelly and colleagues who found no dif- 
ference in mortality (excluding the perioperative 
period) between unoperated patients without symp- 
toms and patients with similar valve areas who had 
undergone valve replacement.'* The importance of 
the cardiac output was shown by Matthews and 
colleagues who found that patients with poor left 
ventricular function and low cardiac output were 
more likely to die while awaiting valve replacement.’ 
Furthermore, because serial haemodynamic studies 
showed that as aortic valve disease progresses the 
cardiac output falls, the use of the gradient alone will 


gradient that had a >90% posinve 
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underestimate the degree of progression.”* It may be 
argued that cardiac output is included because even 
where the valve area is not formally calculated, the 
decision to operate is also based on the subjective 
angiographic, echocardiographic, or clinical ap- 
pearance and is not based on the gradient alone. This 
study showed that in patients with low gradients 
those with severe aortic stenosis had similar (or 
slightly better) ejection fractions and significantly 
smaller ventricles than those with mild aortic steno- 
sis. These patients would be very difficult to identify 
on the subjective appearance of the echocardiogram 
or angiogram and would only be identified if the 
cardiac output was formally measured. The tra- 
ditional clues of echocardiographic or electrocar- 
diographic left ventricular hypertrophy would not be 
helpful because there is no significant difference 
between patients with severe and mild stenosis and 
low gradients. The patients with high gradients and 
mild aortic stenosis nearly all had grade 2 or more 
aortic regurgitation with large ventricles with good 
ejection fractions and would be less difficult to 
identify. In any case, the combination of stenosis and 
regurgitation in these patients may be sufficient to 
recommend operation. 

It seems illogical to mix objective and subjective 
measurements when objective evidence can be ob- 
tained easily, either invasively or non-invasively. 
Doppler measurement of the aortic valve area by 
either the Gorlin formula or a continuity equation 
correlated closely with invasive measurements." 
Doppler gradients alone, however, are poor predic- 
tors of valve area; the study by Danielsen and 
colleagues produced very similar correlations to our 
study." 

We suggest the following guidelines for calculating 
valve areas if a selective policy is envisaged. An upper 
limit of a mean gradient of 50 mm Hg or a peak 
gradient of 60 mm Hg will have a low false positive 
rate for severe aortic stenosis and most of these 
patients will have clinically significant aortic regur- 
gitation. We cannot, however, stake an effective 
lower limit because false negative rates were high for 
gradients of 20 or 30 mm Hg, especially where the 
peak gradient was used. These patients would be 
difficult to identify if the valve area is not calculated 
because they have relatively small ventricles with 
good ejection fractions. We therefore recommend 
that the aortic valve area should be calculated in all 
patients with symptoms and aortic stenosis with a 
mean gradient of <50 mm Hg (50% of patients in 
this study) or a peak gradient of < 60 mm Hg (47% of 
patients in this study), particularly if there is no 
aortic regurgitation. 
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References 


1 Turina J, Hess O, Sepulcri F, Krayenbuehl HP. 
Spontaneous course of aortic valve disease. Eur Heart 
J 1987;8:471-83. 

2 Wagner S, Selzer A. Patterns of progression of aortic 
stenosis: a longitudinal haemodynamic study. 
Circulation 1982;65:709—12. 

3 Nestico PF, DePace NL, Kimbiris D, et al. Progression 
of isolated aortic stenosis: analysis of 29 patients 
having more than one cardiac catheterization. Am J 
Cardiol 1983;52:1054-8. 

4 Bogart DB, Murphy BL, Wong BYS, Pugh DM, Dunn 
MI. Progression of aortic stenosis. Chest 1979;76: 
391-6. 

5 Matthews AW, Barritt DW, Keen GE, Belsey RH. 
Preoperative mortality in aortic stenosis. Br Heart J 
1974;36:101-3. 

6 Robinson PS, Crowther A, Jenkins BS, Webb-Peploe 
MM, Coltart DJ. A computerized dichromatic ear- 
piece densitometer for the measurement of cardiac 
output. Cardiovasc Res 1979313:420-6. 

7 Bradley EC, Barr JW. Fore-’n-aft triangle formula for 
rapid estimation of area. Am Heart J 1969;78:643-8. 

8 Greene DG, Carlisle R, Grant C, Bunnell IL. Estima- 
tion of left ventricular volume by one plane cine- 
angiography. Circulation 1967;35:61-9. 

9 Gorlin R, Gorlin SG. Hydraulic formula for the cal- 
culation of the area of the stenotic mitral valve, other 
cardiac valves, and central circulatory shunts. Am 
Heart J 1951;41:1-29, 

10 Romhilt DW, Estes EH. Point-score system for the 
ECG diagnosis of left ventricular hypertrophy. Am 
Heart J 1968;75:752-8. 

11 Takeda J, Warren R, Holzman D. Prognosis of aortic 
stenosis. Special reference to indications for operative 
treatment. Arch Surg 1963;87:931-6. 

12 Frank S, Johnson A, Ross J Jr. Natural history of 
valvular aortic stenosis. Br Heart J 19735;35:41-6. 

13 Ross J, Braunwauld E. Aorte stenosis. Circulation 
1968;38:V61-7. 

14 Kelly TA, Rothbart RM, Cooper CM, Kaiser DL, 
Smucker ML, Gibson RS. Comparison of outcome of 
asymptomatic to symptomatic patients older than 20 
years of age with valvular aortic stenosis. Am J 
Cardiol 1988;61:123-30. 

15 Zoghbi WA, Farmer KL, Soto JG, Nelson GN, 
Quinones MA. Accurate noninvasive quantification 
of stenotic aortic valve area by Doppler echocar- 
diography. Circulation 1986;73:452-9. 

16 Ohlsson J, Wranne B. Noninvasive assessment of valve 
area in patients with aortic stenosis. J Am Coll Cardtol 
1986;7:501-8. 

17 Otto KM, Pearlman AS, Comess KA, Reamer RP, 
Janko CL, Huntsman LL. Determination of the 
stenotic valve area in adults using Doppler echocar- 
diography. J Am Coll Cardtol 1986;7:509-17, 

18 Danielsen R, Nordrehaug JE, Stangeland L, Vik-Mo 
H. Limitations in assessing the severity of aortic 
stenosis by Doppler gradients. Br Heart J 1988;59; 
551-5. 


Br Heart J 1989;62:379-383 


HLA antigens in idiopathic dilated cardiomyopathy 
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SUMMARY Disturbances of humoral and cellular immunity are common in patients with 
idiopathic dilated cardiomyopathy and they may contribute to the initiation and maintenance of 
myocardial damage. HLA antigens were studied in 102 patients with dilated cardiomyopathy and a 
control hospital population. HLA-DR4 was significantly more common in patients with idiopathic 
cardiomyopathy (41 patients, 40% ) than in the control group (123 patients, 24%). The distribution 
of other antigens was not significantly different in the two groups. The distribution of blood group 
antigens, immunoglobulin concentrations, and disease severity was similar in patients with the 


HLA-DR4 antigen and those without it. 


These results suggest that HLA-DR4 antigen may be a genetic marker for susceptibility to 


dilated cardiomyopathy. 


Idiopathic dilated cardiomyopathy is a clinical entity 
of unknown and probably heterogeneous aetiology. 
In the search for pathogenetic mechanisms, con- 
siderable attention has been focused on the possi- 
bility that disturbed immunity may be important. 
Several abnormalities in cellular’’ and humoral ** 
immunity have already been described in patients 
with idiopathic dilated cardiomyopathy and are 
thought to be triggered by an initial episode of 
myocardial damage (for example after viral infection) 
that sets the stage for an autoimmune response. 
Development of autoimmunity is the summation of 
diverse genetic traits that give rise to a genetic 
predisposition expressed both as an increased sus- 
ceptibility to infectious (for example viral) agents and 
to organ specific autoimmune reactions.’° 

In most reported cases a predisposition to auto- 
immune disease is under the control of immune 
response genes!" and as a result autoimmune dis- 
orders show preferential associations with the 
products of immunoglobulin, complement, or HLA 
genes. For example, there is a significant increase in 
the frequency of HLA-B27 antigens in ankylosing 
spondylitis, HILLA-DR3/DR4 in juvenile diabetes 
mellitus, and HLA-DR3 in myasthenia gravis (for a 
review, see Tiwari and Terasaki”). Furthermore, 
expression of class II HLA genes is thought to be of 
overriding importance in the presentation of self- 
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antigens that leads to the pathological manifestations 
of organ-specific autoimmunity.” Such expression 
may be induced in response to viral infection or as a 
result of the initial tissue damage induced by the 
putative initiating agent. To examine the possible 
role of immune response factors in the pathogenesis 
of idiopathic dilated cardiomyopathy, we compared 


' the frequency of histocompatibility antigens A, B, C, 


and DR with that expected in a contro! population. 
Patients and methods 


We studied 102 white patients (aged 16-65, mean 
(SD) 43-8 (10)) with idiopathic dilated cardiomyo- 
pathy; none was alcoholic. There were 18 (17:6%) 
women. About 90% of these patients were of North- 
ern European (predominantly Scandinavian) origin. 
Cardiac symptoms had been present for 3-51 (1:0) 
years. There were no diseases known to be associated 
with specific HLA antigens (such as diabetes 
mellitus, ankylosing spondylitis, Graves’ disease, 
myasthenia gravis, or rheumatoid arthritis). The 
severity of myocardial dysfunction in these patients 
was indicated by a low ejection fraction (20:5 (4%), 
raised pulmonary capillary wedge pressure (26-8 (5) 
mm Hg), low cardiac index (2:1 (0-2) 1/min/m”), and 
high concentrations of plasma noradrenaline 3-4 (0:4) 
nmol/l). We selected controls for this patient group 
from a local hospital population. Six hundred and 
seventeen individuals were typed for HLA A, B, and 
C loci and 511 for HLA-DR loci (mean age 48 (9) 
years and 316 (28%) were women). 

Lymphocytes for HLA antigen typing were 
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isolated from 20 ml heparinised blood by Ficoll- 
Hypaque (Pharmacia) density gradient centrifu- 
gation." Purified B lymphocytes for HLA-DR typ- 
ing were prepared by the method of Danilovs et al.” 
Histocompatibility antigens A, B, and C were 
assayed on lymphocyte suspensions by the micro- 
cytotoxicity method while HLA-DR typing was 
performed in microlymphocytotoxicity assays with 
prolonged incubation times on isolated B lympho- 
cytes.” In two patients, only Class I HLA antigens 
were tested. The statistical evaluation of the results 
followed the methods of Svejgaard et al.'* Chi 
squared 2 x 2 contingency tables were used for 
comparisons between patient and control groups. 
Associations based on small numbers were tested by 
Fisher’s exact test. p values were corrected for the 
number of antigens tested and associations were 
regarded as significant if p < 0-05. Relative risk and 
aetiological factor were calculated as previously des- 


Tables 1-4 give the HLA antigen frequencies for 
patients with cardiomyopathy and controls. The 


Tablel HLA-A antigen frequencies in patients with 
tdiopathic dilated cardiomyopathy (IDC) and tn controls 








IDC Controls 

(n = 102) (n = 617) 
HLA type n % n % 
Al 37 363 169 274 
A2 57 559 304 49 3 
A3 28 274 154 250 
All 9 88 71 115 
Aw24 18 17-6 120 19-4 
A26 6 59 50 81 
A28 10 98 51 83 
A29 4 39 27 44 
Aw30 8 78 2B 45 
Aw32 5 49 48 78 
None of the p, values was significant 
Table2 HLA-B antigen frequencies in patients with 
idwpathtc dilated cardiomyopathy (IDC) and controls 

IDC Controls 

(n = 102) (n = 617) 
HLA type n % n % 
B7 24 235 153 248 
B8 20 196 121 196 
B13 7 69 24 39 
B14 6 5-9 49 79 
B27 11 108 47 76 
Bw35 7 69 101 164 
Bw39 4 39 26 42 
Bw44 36 35-3 143 232 
Bw5l 8 78 61 99 
Bw62 17 16-7 67 109 


None of the p, values was significant. 
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Table3 HLA-C antigen frequencies in patients with 
idiopathic dilated cardiomyopathy (IDC) and controls 





IDG Controls 

(n = 102) (n = 617) 
HLA type n yA n A 
Cwl 3 29 46 75 
Cw2 7 69 60 97 
Cw3 19 18 6 124 20-1 
Cw4 13 130 136 221 
Cw5 7 70 72 11-7 


None of the p, values was significant. 


Table4 HLA-DR antigen frequencies in patients with 
idiopathic dilated cardiomyopathy (IDC) and controls 








IDC Controls 

(n = 102) (n = 511) 
HLA type n % n % 
DRI 17 170 102 200 
DR2 23 240 161 315 
DR3 31 30-0 118 23-1 
DR4 41 40 0* 123 24 0* 
DR5 20 200 94 18-4 
DRw6 22 220 102 200 
DR7 18 180 115 225 
DRw8 4 40 17 34 
DRw9 2 20 10 20 
*p. = 0001 


frequencies of HLA-A and HLA-C were similar in 
the two populations and indistinguishable from the 
expected frequencies in North American popula- 
tions. Among the HLA-B group, only HLA-Bw44 
was slightly overrepresented in the cardiomyopathy 
group (35:3% compared with 23-2% in the controls, 
p = 0-05). The difference, however, was not statis- 
tically significant after correction for the number of 
antigens tested (p, = 0-5). On the other hand, HLA- 
DR4 was found in 41 (40%) of the cardiomyopathy 
patients compared with 123 (24%) of the controls (p, 
= 0-001). The latter association represented a risk 
association of 2:20 and an aetiological factor of 0-25. 
There was no clinical or haemodynamic characteris- 
tic that distinguished the HLA-DR4 positive 
patients from the HLA-DR4 negative patients (table 
5). Similarly, the distribution of ABO blood groups 
was not significantly different in the patients (52% 
were blood group A, 35% were blood group O, and 
13% were blood group B). The distribution of ABO 
blood groups among patients who were HLA-DR4 
positive and those who were negative patients was 
similar. Concentrations of serum immunoglobulins 
in patients with idiopathic dilated cardiomyopathy 
were normally distributed (IgG 9-63 (1-40) g/l, 
IgA 2-36 (0-43) g/l, IgM 1-06 (0-19) g/l, IgE 193-92 
(36-0) g/l). 
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Table5 Clinical characteristics (mean (SD) )} of patients 
with tchopathic dilated cardiomyopathy 











HLA-DR4 HLA-DR4 
(t+) {-) 
(n = 40) {n = 62) 
(yr) 46 ) 47 8 
Sex (F/M) 10/62 ® 
Duration of symptoms 33 (04 34 (07) 
Ejection fraction (%) 210 (l 18-2 g 6) 
cap 
pressure (mm H 28-1 G 1) 27:3 (29) 
Cardiac mdex (l/mm/m°) 206 (0 w 198 (016 
(nmol/l) 353 (048 296 (0 4) 
Discussion 


There is considerable evidence for immunological 
dysfunction in patients with dilated cardiomyopathy, 
and abnormalities of both cellular and humoral 
immunity have been reported. Das et al, for example, 
showed that a large proportion of cardiomyopathy 
patients had impaired lymphocyte responses to 
mitogens.’ In Chagas’s disease, cytotoxic T lym- 
phocytes are directed against both the parasite, 
Trypanosoma cruzi, and heart muscle cells.” Jacobs et 
al found cell mediated cytotoxicity against cultured 
myocardial cells in 30% of patients with cardio- 
myopathy, 24% of those with other forms of heart 
disease, and 4% of healthy individuals.’ An abnor- 
mality in suppressor T cell function in patients with 
dilated cardiomyopathy has been suggested‘ but does 
not seem to be a uniform finding.’ Although sub- 
groups of cardiomyopathy patients seem to have 
abnormalities in lymphocyte function, the relation to 
the pathogenesis of the disease and clinical severity 
has not been easy to establish.” 

Abnormalities in humoral immunity have also 
been implicated in the pathogenesis of dilated 
cardiomyopathy. Anti-heart antibodies were detec- 
ted by immunofluorescence®® or the antiglobulin 
consumption test’ and the frequency was correlated 
with the severity of heart failure and the duration of 
the disease. Circulating antibodies against specific 
antigenic determinants, such as sarcolemmal 
proteins,® the adenine nucleotide translocator, and 
the $ adrenoceptor” were also reported. Although 
these findings strongly suggest that immunological 
responses are important in dilated cardiomyopathy, 
they do not elucidate the relation of these abnor- 
malities to the initiation and maintenance of myocar- 
dial dysfunction. 

The possible contribution of genetic factors to the 
immunologically-associated damage in cardiomyo- 
pathy has not received adequate attention. It is 
known, however, that genetic factors have a role in 
the pathogenesis of dilated cardiomyopathy, as 
shown by the cases of familial cardiomyopathy,” for 
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which both recessive and dominant modes of inheri- 
tance have been described.” It is not known, 
however, how the genetic traits are expressed as 
myocardial dysfunction in cardiomyopathy. Alth- 
ough, in some cases, metabolic defects of the cardiac 
myocyte have been implicated, in others, an enhan- 
ced susceptibility to environmental agents or to 
immunological responses to them may be at fault. An 
immunological component was shown for the pro~ 
gression to chronic cardiac disease in experimental 
and human viral myocarditis.” It is widely assumed 
that many cases of dilated cardiomyopathy are the 
end result of a preceding viral infection the 
serological evidence for which has long since dis- 
appeared. It is suggested that the initial virus induced 
myocardial damage sets up an immunological re- 
action against intracellular constituents which 
further sustains and aggravates myocardial dysfunc- 
tion. Immunological mechanisms would thus have a 
secondary role and contribute to a variable extent to 
the progression of the myopathic process. It is also 
possible, however, that genetically controlled im- 
munological mechanisms participate more directly in 
the initiation of myocardial damage either through 
control of the susceptibility to the aetiological viral 
infection, or through modulation of the immuno- 
logical response to the putative viral agents. There is 
precedent for both mechanisms: for example, it is 
known that histocompatibility antigens determine 
the cardiotoxicity of Coxsackie B viruses or their 
interaction with specific tissues. Also, experimen- 
tally induced myocarditis induced in mice through 
induction of antimyosin antibodies is largely deter- 
mined by the H-2 locus.” 

This suggested that it would be useful to look for 
immunologically associated genetic markers of 
dilated cardiomyopathy in humans. The HLA 
antigens were selected because of their known par- 
ticipation in the regulation of immune responses and 
the previously reported association between specific 
haplotypes and autoimmune diseases. ‘The results of 
our study suggest that the frequency of HLA-DR4 
was significantly higher in patients with dilated 
cardiomyopathy than in controls. This accords with 
the results of a smaller series reported by Anderson et 
al.* On the other hand, the increase in HLA-B27 and 
the underrepresentation of HLA-DRw6 reported by 
Anderson et al were not confirmed in our series. Ina 
series of patients with ischaemic cardiomyopathy, a 
preponderance of HLA-DRwé6 antigen was found,” 
whereas in patients with alcoholic cardiomyopathy 
there was no association with any particular HLA 
haplotype. Also there is some evidence that HLA- 
DR3 is the antigen linked to hypertrophic cardio- 
myopathy.” This would indicate a certain degree of 
specificity in the association of different types of 


382 


cardiomyopathy with immune genetic markers. 

The calculated aetiological factor of 0-25 in our 
series probably underestimates the significance of 
the association with HLA-DR4 because of the 
heterogeneity of the pathological processes involved 
in dilated cardiomyopathy. For example, in a contin- 
uing study we found that the prevalence of auto- 
antibodies against cardiac $ adrenoceptors is almost 
70% in HLA-DR4 positive patients with cardio- 
myopathy compared with only 25% in HLA-DR4 
negative patients.” It is likely, therefore, that the 
increase in certain HLA antigens is linked to specific 
immunological disturbances, such as anti-receptor 
(or other autoantibody) production. Subsets of 
cardiomyopathy may then join the list of auto- 
immune diseases associated with anti-receptor 
antibodies. This has important implications for the 
classification and the pathophysiology of dilated 
cardiomyopathy as well as for new treatments. Sup- 
port for such a pathogenetic role of class II HLA 
antigens may come from studies of their expression in 
the diseased myocardium. These antigens are not 
normally expressed in the heart” but may be abnor- 
mally expressed in pathological conditions such as 
rheumatic carditis” and cardiac transplant rejec- 
tion.” It is not known whether myocardiopathic 
tissue expresses these antigens and it is important to 
find out if it does. 

We found no correlation in this study between the 
presence of HLA-DR4 and the severity or duration 
of the disease. This may not be unexpected if the 
association is a marker for susceptibility to the 
disease but does not influence its progression or 
severity—a situation that is common to autoimmune 
diseases. On the other hand, if HLA-DR4 is a marker 
for a specific pathogenetic pathway (that is anti- 
receptor autoantibodies), there may be a correlation 
with disease severity within this subset of cardio- 
myopathy patients. The design of our study, which 
includes patients with severe haemodynamic impair- 
ment does not allow us unequivocally to exclude the 
possibility that HLA-DR4 positive patients have 
more severe disease or more rapid course. A prospec- 
tive study of a population with a wider range of 
haemodynamic abnormalities is currently underway 
and should help resolve this issue. 
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Hypertrophic cardiomyopathy in identical twins 
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SUMMARY Hypertrophic cardiomyopathy was diagnosed in identical twin boys in early childhood. 
One underwent myomectomy at the age of 12 years because of progressive severe exertional 
dyspnoea accompanied by considerable obstruction of the left ventricular outflow tract shown on 
both echocardiography and cardiac catheterisation. Seven years later, at the age of 19, he remains 
incapacitated to a moderate degree. By contrast, the other twin has led a relatively normal life to 
date and no left ventricular outflow obstruction has been shown. 


Since the recognition of hypertrophic cardio- 
myopathy in the 1950s," there have been many 
studies of all aspects of the condition including 
clinical presentation, haemodynamic function, 
aetiology, and natural course. In more than half the 
patients a familial incidence was recognised, the trait 
being autosomal dominant. We report hypertrophic 
cardiomyopathy in identical twins with a striking 
difference in clinical severity. 


Case reports 


THE FIRST TWIN 

The first twin was noted to have a cardiac murmur 
during routine school medical examination when he 
was five years old. He was symptom free and the 
clinical diagnosis was ventricular septal defect. He 
was first referred to the cardiac clinic when he was 11 
because of increasing exertional dyspnoea accom- 
panied by chest pain in the previous year. 

On clinical examination there was no cardiomegaly 
but a loud ejection systolic murmur was audible over 
the entire precordium and maximal at the aortic area. 
There was evidence of left ventricular hypertrophy 
on the electrocardiogram and there was inversion of 
the T wave in the anteroseptal leads consistent with 
septal hypertrophy. Echocardiography showed 
asymmetrical septal hypertrophy with systolic 
anterior movement of the anterior cusp of the mitral 
valve. At cardiac catheterisation, there was no 
detectable intracardiac shunt but there was a systolic 
gradient of 80 mm Hg across the outflow tract of the 
left ventricle. The diagnosis of hypertrophic 
Requests for reprmts to Dr John M Reid, Department of 
Cardiology, Western Infirmary, Dumbarton Road, Glasgow 
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cardiomyopathy was established and treatment with 
propranolol was started. Because his breathlessness 
became worse a repeat investigation was carried out 
next year and the gradient had increased to 
120 mm Hg. Operation was recommended and 
subaortic myomectomy was carried out. At oper- 
ation, the aortic valve was normal but there was a 
tight subaortic stenosis extending 2:5 cm below the 
valve. On inspection the anterior leaflet of the mitral 
valve was normal. Myomectomy was carried out to a 
depth of 7 mm and a width of 10 mm to enlarge the 
outflow diameter to 22mm. The gradient was 
reduced to 15 mm Hg. He was examined each year 
and he remained considerably incapacitated with 
persistent left ventricular hypertrophy on the elec- 
trocardiogram. Cross sectional echocardiography in 
1988 once again showed considerable septal hyper- 
trophy (fig 1). 

The short axis sweep from apex to aortic root 
showed disproportionate thickening of the septum 
compared with the posterior wall. The gradient both 
at Doppler examination and repeat catheterisation 
was 35 mm Hg. Further operation was deferred but 
treatment with propranolol was changed to 
verapamil. 


THE SECOND TWIN 

The second twin was referred to us at the age of 11 
years because of an indeterminate episode of chest 
pain and mild exertional dyspnoea over the preceding 
year. Clinical examination showed no cardiomegaly 
and no cardiac murmurs were audible. Chest x ray 
showed no cardiac enlargement and there was no 
evidence of ventricular hypertrophy on the electro- 
cardiogram; a Q wave was present, however, in limb 
lead II and in V6. Echocardiography showed 
concentric thickening of the left ventricle but the 
aortic and mitral valves appeared normal. Forty eight 
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Fig 1 Gigi ello eioen Bee A otie ie Bia ona (a) Long axis and (b) short axis at tips of mitral 
calves. RV, right ventricle; IVS, ventricular septum; LV, left ventricle; LA, left atrium; AO, aorta. 
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Hypertrophic cardiomyopathy in identical twins 

hour Holter monitoring showed infrequent short 
bursts of paroxysmal supraventricular tachycardia. A 
diagnosis of hypertrophic cardiomyopathy was not 
conclusive at this time but verapamil was introduced 
to control the short bursts of supraventricular 
tachycardia. Cardiac catheterisation and angio- 
cardiography were carried out in 1985 when the 
patient was 15 years old and this showed normal left 
ventricular function, no aortic regurgitation, and no 
gradient across the left ventricular outflow tract. The 
most recent echocardiographic assessment carried 
out in 1988 showed thickening of both the inter- 
ventricular septum and the posterior wall of the left 
ventricle but with only slight systolic anterior 
movement of the mitral valve (fig 2). 

The diagnosis of hypertrophic cardiomyopathy 
was established but the patient remains well and at 
work. 

Testing with Jeffries’s hypervariable DNA probe 
confirmed that the DNA fingerprints were identical 
and that the twins were monozygotic. The mother of 
the twins was examined and although clinical 
examination was unremarkable, echocardiographic 
and Doppler studies showed thickening of the 
interventricular septum, but there was neither sys- 
tolic anterior movement of the mitral valve nor left 
ventricular outflow obstruction. 


Discussion 


Hypertrophic cardiomyopathy is known to be a 
familial condition. Greaves et al studied 193 first 
degree relatives of 50 patients with the condition by 
clinical examination, electrocardiography, and cross 
sectional echocardiography.‘ In 28 of the 50 families 
studied a familial occurrence was recorded; in 15 the 
pattern was consistent with an autosomal dominant 
trait. Maron and Mulvihill in a review of the genetics 
of hypertrophic cardiomyopathy concluded that 
between 50 and 90% of reported cases were familial,’ 
and the condition was recorded in three generations 
of a large Norwegian family." There is, however, no 
mention in published reports of the occurrence of 
hypertrophic cardiomyopathy in twins. 

Both our patients were monozygotic twins (con- 
firmed on testing with the Jeffries’s hypervariable 
DNA probe) and presented in childhood. In the first, 
the condition was rapidly progressive and the boy 
required myomectomy at an early age. The other 
twin by comparison has lived a normal life through- 
out 10 years’ supervision. The morphology of 
hypertrophic cardiomyopathy can be heterogeneous’ 
and the patterns and extent of left ventricular 
hypertrophy can vary greatly.” These features can 
influence the course and clinical features of the 
condition as they did in our twins. Although both the 
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diastolic and systolic function of the left ventricle are 
impaired in hypertrophic cardiomyopathy, the 
disordered haemodynamic function affecting both 
diastolic filling and distensibility of the left ventricle 
seems to be the principal factor leading to progres- 
sion of the disease and the onset of symptoms such as 
exertional dyspnoea, angina, variable types of 
arrhythmias and, in severe cases, transient syncopal 
episodes.” The most serious arrhythmias reported 
are supraventricular and ventricular tachycardia, 
aberrant atrioventricular nodal pathways, and 
complete heart block. The disturbance most predic- 
tive of sudden death is ventricular tachycardia. The 
annual mortality is 2-3%,'" tending to affect 
predominantly younger patients, particularly when 
there is a family history of the condition. In the first 
twin left ventricular hypertrophy with strain was 
present on the electrocardiogram but 24 hour 
ambulatory electrocardiographic monitoring showed 
no serious arrhythmias and only infrequent 
ventricular extrasystoles despite the severity of his 
condition. His twin brother, however, had several 
episodes of supraventricular tachycardia on Holter 
monitoring. The difference in clinical presentation in 
these twins is most striking and unusual. 

Serial echocardiographic and Doppler studies are 
most important in the long term management of 
these patients. The sheet-anchor in the management 
is medication with either £ blockers, calcium channel 
blockers, or in some cases both.” Verapamil 
improved left ventricular diastolic function by 
improving rapid diastolic filling—thereby increasing 
exercise tolerance and leading to symptomatic 
improvement.” Amiodarone has also been shown to 
be effective’ but side effects tend to become 
increasingly common the longer the duration of 
treatment.” The role of cardiac surgery in hyper- 
trophic cardiomyopathy is still somewhat 
controversial. ! Surgical treatment is undoubtedly 
indicated when the outflow gradient exceeds 
50 mm Hg, and there is substantial evidence that 
operation can improve symptoms and the quality of 
life. There is mo conclusive evidence to date, 
however, that it does in fact prolong life. Subaortic 
myomectomy in our first twin undoubtedly 
produced considerable clinical benefit with lessening 
of the left ventricular outflow gradient. To date, 
surgical treatment has not been necessary in his twin 
brother. A more recent innovation is that of trans- 
arterial laser myoplasty,” but again its precise role in 
the overall management of the condition has yet to be 
defined. Its principal advantage seems to be that the 
procedure can be repeated 1f necessary. 


We thank Mr J C S Pollock, FRCS, who carried out 
the surgical treatment in patient 1. 


388 


References 


l1 Brock R. Functional obstruction of the left ventricle 
(acquired aortic subvalvar stenosis). Guy’s Hospital 
Rep 1957;106:221-38. 

2 Teare D. Asymmetrical hypertrophy of the heart in 
young adults. Br Heart J 19583;20:1-8. 

3 Bercu BA, Diettert GA, Danforth WH, Pand EE Jr, 
Ahlvin RC, Belliveau RR. Pseudoaortic stenosis 
produced by ventricular hypertrophy. Am J Med 
1958;25:814-8. 

4 Goodwin JF, Hollman A, Cleland WP, Teare D. 
Obstructive cardiomyopathy simulating aortic 
stenosis. Br Heart J 1960;22:403-14. 

5 Morrow AG, Braunwald E. Functional aortic stenosis; a 
malformation characterised by resistance to left 
ventricular outflow without anatomic obstruction. 
Circulation 1959;20:181-9. 

6 Greaves SC, Roche AHG, Neutze JM, Whitlock RML, 
Veale AMO. Inheritance of hypertrophic cardio- 
myopathy: a cross sectional and M mode echo- 
cardiographic study of 50 families. Br Heart J 
1987;58:259-66. 

7 Maron BJ, Mulvihill JJ. The genetics of hypertrophic 
cardiomyopathy. Ann Intern Med 1986;105:610~2. 

8 Haughland H, Ohm O-J, Boman H, Thorsby E. Hyper- 
trophic cardiomyopathy in three generations of a 
large Norwegian family: a clinical, echocardiogra- 
phic, and genetic study. Br Heart J 1986;55:168~75. 

9 Ciro E, Nichol PF, Maron BJ. Heterogenous 
morphologic expression of genetically transmitted 
hypertrophic cardiomyopathy. Two dimensional 
echocardiographic analysis. Circulation 1983;67: 
1227-33. 

10 Maron BJ, Bonow RO, Cannon RO, Leon MB, Epstein 
SE. Medical progress. Hypertrophic cardio- 
myopathy. Interrelations of clinical manifestations, 
pathophysiology, and therapy. N Engl J Med 
1987;316:780-9. 

11 Shah PM, Adelman AG, Wigle ED, er al. The natural 
(and unnatural) history of hypertrophic obstructive 


Reid, Houston, Lundmark 


cardiomyopathy. Cire Res 1973;34 and 35(suppl 2):II 
179-95. 

12 Maron BJ, Savage DD, Wolfson JK, Epstein SE. 
Prognostic significance of 24 hour ambulatory 
electrocardiographic monitoring in patients with 
hypertrophic cardiomyopathy: a prospective study. 
Am J Cardiol 1981;48:252~-7, 

13 Harrison DC, Braunwald E, Glick G, Mason DT, 
Chidsey CA, Ross J Jr. Effects of beta adrenergic 
blockade on the circulation, with particular reference 
to observations in patients with hypertrophic subaor- 
tic stenosis. Circulation 1964;29:84-98. 

14 Brigden W. Hypertrophic cardiomyopathy. Br Heart J 
1987;58:299-302. 

15 Bonow RU, Dulsizian V, Rosing DR, Maron BJ, 
Bacharach SL, Green MV. Verapamil induced 
improvement in left ventricular diastolic filling and 
increased exercise tolerance in patients with hyper- 
trophic cardiomyopathy: short and long term effects. 
Circulation 1985;72:853-64. 

16 McKenna WJ, Harris L, Rowland E, et al. Amiodarone 
for long term management of patients with hyper- 
trophic cardiomyopathy. Am J Cardiol 1984;54: 
802-10. 

17 Paulus WJ, Nellens P, Heyndrickx GR, Andries E. 
Effects of long term treatment with amiodarone on 
exercise haemodynamics and left ventricular relaxa- 
tion in patients with hypertrophic cardiomyopathy. 
Circulation 1986;74:544-54. 

18 Morrow AG, Reitz BA, Epstein SE, et al. Operative 
treatment ın hypertrophic subaortic stenosis; 
techniques, and the results of pre and post operative 
assessments in 83 patients. Circulation 1975;52: 
82-102. 

19 Bircks W, Schulte HD. Surgical treatment of hyper- 
trophic obstructive cardiomyopathy with special 
reference to complications and to atypical hyper- 
trophic obstructive cardiomyopathy. Eur Heart J 
1983;4 (suppl F):187-90. 

20 Serruys PW, den Boer A. What will be the requirement 
for acute interventional procedures in Europe? Bur 
Heart J 1987;8 (suppl F):55~9. 


Hypertrophic cardiomyopathy in identical twins 385 





©) 


43.8 702.5 Miz Pet ian MCCLELLAND 
cougr es ** 89701723 il102:3? 
rejet = a a "same, RUSE GLASGON  OP:OP 


tagav b E VINCROBD 





Fig 1 Cross sectional echocardiographic views in diastole from patient 1. (a) Long axis and (b) short axis at tips of mitral 
valves. RV, right ventricle; IVS, ventricular septum; LV, left ventricle; LA, left atrium; AO, aorta. 
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Fig2 Cross sectional echocardiographic views in diastole from patient 2. (a) Long axis and (b) short axis. See legend to fig 
1 for abbreviations. 
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Hypertrophic cardiomyopathy in identical twins 

hour Holter monitoring showed infrequent short 
bursts of paroxysmal supraventricular tachycardia. A 
diagnosis of hypertrophic cardiomyopathy was not 
conclusive at this time but verapamil was introduced 
to control the short bursts of supraventricular 
tachycardia. Cardiac catheterisation and angio- 
cardiography were carried out in 1985 when the 
patient was 15 years old and this showed normal left 
ventricular function, no aortic regurgitation, and no 
gradient across the left ventricular outflow tract. The 
most recent echocardiographic assessment carried 
out in 1988 showed thickening of both the inter- 
ventricular septum and the posterior wall of the left 
ventricle but with only slight systolic anterior 
movement of the mitral valve (fig 2). 

The diagnosis of hypertrophic cardiomyopathy 
was established but the patient remains well and at 
work. 

Testing with Jeffries’s hypervariable DNA probe 
confirmed that the DNA fingerprints were identical 
and that the twins were monozygotic. The mother of 
the twins was examined and although clinical 
examination was unremarkable, echocardiographic 
and Doppler studies showed thickening of the 
interventricular septum, but there was neither sys- 
tolic anterior movement of the mitral valve nor left 
ventricular outflow obstruction. 


Discussion 


Hypertrophic cardiomyopathy is known to be a 
familial condition. Greaves et al studied 193 first 
degree relatives of 50 patients with the condition by 
clinical examination, electrocardiography, and cross 
sectional echocardiography.‘ In 28 of the 50 families 
studied a familial occurrence was recorded; in 15 the 
pattern was consistent with an autosomal dominant 
trait. Maron and Mulvihill in a review of the genetics 
of hypertrophic cardiomyopathy concluded that 
between 50 and 90% of reported cases were familial,’ 
and the condition was recorded in three generations 
of a large Norwegian family. There is, however, no 
mention in published reports of the occurrence of 
hypertrophic cardiomyopathy in twins. 

Both our patients were monozygotic twins (con- 
firmed on testing with the Jeffries’s hypervariable 
DNA probe) and presented in childhood. In the first, 
the condition was rapidly progressive and the boy 
required myomectomy at an early age. The other 
twin by comparison has lived a normal life through- 
out 10 years’ supervision. The morphology of 
hypertrophic cardiomyopathy can be heterogeneous’ 
and the patterns and extent of left ventricular 
hypertrophy can vary greatly.” These features can 
influence the course and clinical features of the 
condition as they did in our twins. Although both the 
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diastolic and systolic function of the left ventricle are 
impaired in hypertrophic cardiomyopathy, the 
disordered haemodynamic function affecting both 
diastolic filling and distensibility of the left ventricle 
seems to be the principal factor leading to progres- 
sion of the disease and the onset of symptoms such as 
exertional dyspnoea, angina, variable types of 
arrhythmias and, in severe cases, transient syncopal 
episodes.” The most serious arrhythmias reported 
are supraventricular and ventricular tachycardia, 
aberrant atrioventricular nodal pathways, and 
complete heart block. The disturbance most predic- 
tive of sudden death is ventricular tachycardia. The 
annual mortality is 2-3%,"" tending to affect 
predominantly younger patients, particularly when 
there is a family history of the condition. In the first 
twin left ventricular hypertrophy with strain was 
present on the electrocardiogram but 24 hour 
ambulatory electrocardiographic monitoring showed 
no serious arrhythmias and only infrequent 
ventricular extrasystoles despite the severity of his 
condition. His twin brother, however, had several 
episodes of supraventricular tachycardia on Holter 
monitoring. The difference in clinical presentation in 
these twins is most striking and unusual. 

Serial echocardiographic and Doppler studies are 
most important in the long term management of 
these patients. The sheet-anchor in the management 
is medication with either f blockers, calcium channel 
blockers, or in some cases both.’ Verapamil 
improved left ventricular diastolic function by 
improving rapid diastolic filling—thereby increasing 
exercise tolerance and leading to symptomatic 
improvement.” Amiodarone has also been shown to 
be effective’ but side effects tend to become 
increasingly common the longer the duration of 
treatment.” The role of cardiac surgery in hyper- 
trophic cardiomyopathy is still somewhat 
controversial. Surgical treatment is undoubtedly 
indicated when the outflow gradient exceeds 
50 mm Hg, and there is substantial evidence that 
operation can improve symptoms and the quality of 
life. There is no conclusive evidence to date, 
however, that it does in fact prolong life. Subaortic 
myomectomy in our first twin undoubtedly 
produced considerable clinical benefit with lessening 
of the left ventricular outflow gradient. To date, 
surgical treatment has not been necessary in his twin 
brother. A more recent innovation is that of trans- 
arterial laser myoplasty,” but again its precise role in 
the overall management of the condition has yet to be 
defined. Its principal advantage seems to be that the 
procedure can be repeated if necessary. 


We thank Mr J C S Pollock, FRCS, who carried out 
the surgical treatment in patient 1. 
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catheter, and morphological features 


LANCE V FONG,* ROBERT H ANDERSON,ft RALPH D SIEWERS,t 
ALFREDO TRENTO,{ SANG C PARK} 


From the * Wessex Cardiothoracic Centre, Southampton General Hospital, Southampton; t National Heart 
and Lung Institute, London; and {Departments of Paediatrics and Surgery, University of Pittsburgh School of 
Medicine, Children’s Hospital of Pittsburgh, Pittsburgh, USA 


SUMMARY Six patients with anomalous origin of one pulmonary artery from the ascending aorta 
were reviewed. Four had anomalous origin of the right pulmonary artery and two had anomalous 
origin of the left pulmonary artery from the ascending aorta. Two of these six patients had tetralogy 
of Fallot. Two patients died in the first month of life. No changes in the pulmonary vasculature 
were seen at necropsy. Corrective surgery was attempted in two patients with associated tetralogy 
of Fallot when they were two years old but both died. At necropsy there was severe pulmonary 
vascular disease in the lung supplied by the anomalous pulmonary artery but no pulmonary 
vascular hypertensive changes in the lung supplied by the pulmonary artery from the right 
ventricle. Two recent patients underwent successful anastomosis of the anomalous pulmonary 
artery to the main pulmonary artery at three months and one month and three weeks of age 
respectively. Intraoperative lung biopsy in the latter patient showed early changes in both lungs. 
Both’ echocardiography and cardiac catheterisation were used in the diagnoses. Systemic or 
suprasystemic pressures were found in the pulmonary artery arising from the right ventricle as well 
as the anomalous pulmonary artery in the three patients without tetralogy of Fallot. 

Anomalous origin of a pulmonary artery from the ascending aorta is a distinct entity and differs 
from other aorto-pulmonary arterial connections. Early surgical intervention is recommended in 
all patients (including those patients with associated tetralogy of Fallot) because of the risk of rapid 
development of irreversible pulmonary vascular disease. 


Anomalous origin of one pulmonary artery from the 
ascending aorta with the contralateral pulmonary 
artery arising from the right ventricle is a rare 
congenital cardiac abnormality. The lesion must be 
distinguished from other arrangements in which the 
origin of one pulmonary artery is atretic but the 
arterial supply is derived either from a ductus 
arteriosus (arterial duct) or via collaterals between 
the systemic and pulmonary arteries.'? 

We reviewed the detailed findings, including diag- 
nostic data and surgical considerations, in six 
patients with direct origin of one pulmonary artery 
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from the ascending aorta. The morphology seen in 
four hearts at necropsy and the histopathology of the 
pulmonary vasculature at necropsy or lung biopsy 
were also examined. 


Patients and methods 


STUDY PATIENTS 

From January 1968 to July 1987, six patients (two 
male, four female) with anomalous origin of one 
pulmonary artery from the ascending aorta were seen 
at the Children’s Hospital of Pittsburgh. Four 
patients presenting in the first two months of life with 
congestive cardiac failure had the right (three) or left 
(one) pulmonary artery arising from the ascending 
aorta. Diagnosis was made at necropsy in the earliest 
case and by echocardiography or cardiac catheterisa- 
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tion in the others. Two patients presented with 
cyanosis and a murmur when they were six months 
old. They had tetralogy of Fallot with a right aortic 
arch and a right (one) or left (one) pulmonary artery 
arising from the ascending aorta. In all patients 
the other pulmonary artery arose from the right 
ventricle. 

One patient (case 1) (table) had Down’s syndrome 
with duodenal atresia and prematurity while another 
(case 2) had clinical findings of the Di George 
syndrome with absence of the thymus at necropsy. 
The other patients had no extracardiac abnor- 
malities. 


DIAGNOSTIC STUDIES 

Echocardiography was performed in the two most 
recent patients before cardiac catheterisation and 
again in the postoperative period. Five patients 
underwent cardiac catheterisation. Diagnosis was 
made at necropsy in the first patient of the series. In 
all patients we measured the size of the pulmonary 
arteries at the hilum, the distance of the anomalous 
origin above the aortic valve, and the length of the 
anomalous pulmonary artery from its origin with the 
aorta to its branching point. These measurements 
were taken from angiograms except in the patient not 
undergoing cardiac catheterisation. In this patient 
measurements were taken from the necropsy 
specimen. 


COURSE 

Operation was not performed on the earliest two 
patients in the series (cases 1 and 2) (table) although 
diagnosis had been confirmed by cardiac catheterisa- 
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tion in the second patient. Both died in the first 
month. Two other patients (cases 3 and 4) with 
tetralogy of Fallot underwent attempted surgical 
correction at 25 and 26 months of age but both died in 
the early postoperative period. Necropsy specimens 
of the heart and lung were available from these four 
patients. The last two patients in the series, who were 
diagnosed by echocardiography and angiography, 
underwent successful operative repair at three 
months and one month and three weeks of age. Open 
biopsies were performed on both lungs at the time of 
surgical repair in one patient (case 6). 


Results 


ECHOCARDIOGRAPHY 

The parasternal long axis view (fig 1a) showed the 
anomalous posterolateral origin of the pulmonary 
artery from the ascending aorta a short distance 
above the aortic valve. The ascending aorta and the 
anomalous pulmonary artery were more extensively 
visualised with the transducer in a more cephalad 
position than that providing the usual long axis 
parasternal view. The ascending vessel above the 
pulmonary artery was shown to continue as the aortic 
arch, confirming that the vessel was the aorta and not 
the pulmonary artery. The size of the anomalous 
pulmonary artery was normal. Its course could be 
followed from suprasternal views by directing the 
transducer towards the right or left lung. The 
expected bifurcation of the pulmonary trunk could 
not be seen from either the parasternal or supra- 
sternal short axis views (fig 1b). However, one patient 
had a large left atrial appendage which simulated a 


Table Data on six patients with anomalous origin of one pulmonary artery from the ascending aorta 


Haemodynamic function (mm Hg) Surgery (mnth) 


Panem Diagnons RPA LPA AO Age 

1 RPA-AO — _ — — 
DA 

2 RPA-AO 90/50 105/55 90/50 = 
DA 

3 LPA-AO 12/4 = 110/60 26 
TOF 
RAA 

4 RPA-AO 65/40 — 100/40 25 
TOF 
ALSA 
RAA 

5 LPA-AO 90/40 ie 95/40 3 
DA 
ALSA 
RAA 

6 RPA-AO — 95/40 15|- 18 
DA 
LAA 


Lung histopathology 
Type Right Left Outcome 
— Normal Normal 
(3 wk) 
— Normal Normal Dead 
(2 wk) 
TOF repair, Normal Severe vascular Dead 
LPA anastomosis changes (26 mnth) 
Conduit to RPA Severe vascular Normal Dead 
changes (25 mnth) 
LPA anastomoss, — — Alive 
DA ligation 
RPA Earty vascular Early vascular Alive 
DA hgaztion changes changes 


ALSA, anomalous left subclavian artery; DA, ductus arteriosus; LAA, left aortic arch; LPA, left pulmonary artery; AO, ascending aorta; 
RAA, right aortic arch; RPA, nght pulmonary artery; TOF, tetralogy of Fallot. 


Anomalous pulmonary artery from the aorta 
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Fig 1 


right pulmonary artery in parasternal views. The 
postoperative connection of the anomalous pulmon- 
ary artery to the pulmonary trunk was visualised in 
parasternal short axis views. It arose from a proximal 
surgically favourable position. 


HAEMODYNAMIC FUNCTION 
A low pressure in the pulmonary artery connected to 
the right ventricle was confirmed in patient 3 with 
tetralogy of Fallot (table). The left pulmonary artery 
arising from the right ventricle in the other patient 
(case 4) with tetralogy was not entered but the right 
ventricular outflow tract was considerably obstruc- 
ted. An unexplained moderate pressure difference 
was found between the anomalous right pulmonary 
artery and aorta in the absence of stenosis at the 
origin of the anomalous pulmonary artery. 
Pressures in the normally connected pulmonary 
artery were systemic or suprasystemic in all three 
patients (2, 5, and 6) in whom there was no right 
ventricular outflow obstruction. The anomalous pul- 
monary artery was not entered in two of these three 
patients, but the pressure in the artery was likely to be 
similar to that in the ascending aorta. 


OPERATION 

Both patients with tetralogy of Fallot underwent 
attempted surgical repair at 25 and 26 months of age. 
Under cardiopulmonary bypass and through a right 
ventriculotomy, repair in the first patient included 
resection of the subpulmonary infundibulum, 


Echocardiograms. (a) Parasternal long axis view of the right pulmonary artery (RPA) arising posteriorly from ti 
ascending aorta (AO) (patient 6). (b) Suprasternal view of the left pulmonary artery (LPA) arising from the main 
pulmonary artery (MPA) (patient 6). LV, left ventricle; RV, right ventricle. 


closure of the ventricular septal defect, positioning a 
pericardial transannular patch, and detachment of 
the anomalous left pulmonary artery from the ascen- 
ding aorta with direct anastomosis to the pulmonary 
trunk. In the other patient, who had a severely 
hypoplastic right ventricular outflow tract, a conduit 
was placed between the right ventricle and the 
detached anomalous right pulmonary artery, the 
ventricular septal defect was closed, and the sub- 
pulmonary infundibulum was resected. The hypo- 
plastic left pulmonary artery was not incorporated 
into the conduit. The aortic defect was sutured 
directly. Both patients died soon after operation. 
Pressures in the right ventricle were persistently high 
and cardiac output poor. 

The last two patients underwent successful 
operative detachment of the anomalous pulmonary 
artery from the ascending aorta with subsequent 
direct anastomosis to the pulmonary trunk. Opera- 
tion was completed without cardiopulmonary bypass 
in one patient when the left pulmonary artery arose 
from the aorta. Both patients had an uneventful 
postoperative course. 


MORPHOLOGY 

The anomalous pulmonary artery originated from 
the posterolateral aspect of the ascending aorta 
between 5 and 20 mm from the aortic valve (fig 2a and 
b). In two patients the anomalous right pulmonary 
artery arose from the posterior left aspect of the 
ascending aorta and then passed behind the aorta to 
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Fig 2 Necropsy specimen. (a) Anteroposterior view of the right pulmonary artery (RPA) arising from the posterolateral 


aspect of the ascending aorta (AO) (patient 1 


. (b) Left lateral view of the left pulmonary artery (LPA) and ductus 


arteriosus (PDA) arising from the main pulmonary artery (MPA) (patient 1). 


reach the right lung. The anomalous pulmonary 
artery, which was 4-11 mm in diameter at the hilum, 
was similar in size to the normally connected contra- 
lateral pulmonary artery in those patients without 
tetralogy of Fallot. In patients with tetralogy of 
Fallot there was a considerable disparity between the 
size of the anomalous pulmonary artery and hypo- 
plastic pulmonary artery connected to the right 
ventricle. There was no stenosis at the origin of the 
anomalous pulmonary artery and it supplied all 
segments of the lung in all patients (fig 3a). 

Three patients had a right aortic arch—both 
patients with tetralogy of Fallot and one patient who 
had an anomalous left pulmonary artery. An aberrant 
left subclavian artery arising from the descending 
aorta was found in two of the patients with a right 
aortic arch (fig 3b). 

Patients with tetralogy of Fallot showed a typical 
intracardiac structure. There was a large malalign- 
ment ventricular septal defect with severe infun- 
dibular and pulmonary valvar stenosis (fig 4). The 
pulmonary artery connected to the right ventricle 
was hypoplastic, measuring from 30°% to 60°, of the 


opposite anomalous pulmonary artery. No remnant 
of a second pulmonary artery arising from the 
pulmonary trunk was found. 

The ductus arteriosus (arterial duct) was patent in 
the four patients without tetralogy of Fallot. It 
connected the aorta to the left pulmonary artery in 
the usual fashion when the arch was left sided (three 
patients). In the fourth patient, with a right aortic 
arch and anomalous origin of the left pulmonary 
artery, the duct passed from the aorta to the right 
pulmonary artery. 


LUNG HISTOPATHOLOGY 

Examination of the lungs at necropsy in the two 
infants (cases 1 and 2) who did not undergo operation 
showed normal pulmonary vasculature in both lungs. 
The infants died at 12 (case 1) and 23 (case 2) days of 
age. Severe vascular changes were seen in the lungs 
supplied by the anomalous pulmonary artery in both 
patients who died after repair of tetralogy of Fallot at 
25 and 26 months of age. Severe medial and intimal 
proliferation with focal fibrinoid changes were found 
in the medium and small sized arteries of the affected 
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Fig3 Left ventriculograms. (a) Right anterior oblique view of anomalous origin of the right pulmonary artery (RPA) from 
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the ascending aorta (AO) (patient 6). (b) Anteroposterior view of another patient with anomalous origin of the left 
pulmonary artery (LPA) from the ascending aorta (AO), right aortic arch, and distal origin of the left subclavian artery 


(arrows) (patient 5). 


lung. However, no evidence of pulmonary vascular 
disease was seen in the lung supplied from the right 
ventricle, because it was protected by pulmonary 
valvar and infundibular obstruction. 

Biopsy, performed on both lungs of patient 6 who 
underwent surgical repair at one month and three 





Fig4 Right ventriculogrom. Anteroposterior view of 
anomalous origin of the left pulmonary artery (LPA) from 
the ascending aorta (AO). The right pulmonary artery 
(RPA) arises from a hypoplastic main pulmonary artery 
(MPA) with subpulmonary stenosis (arrow) (patient 3). 


weeks, showed only mild medial hypertrophy of the 
muscular pulmonary arteries without intimal or 
arteriolar changes. The appearances were similar in 
both lungs. 


Discussion 


Anomalous origin of a pulmonary artery from the 
ascending aorta is a distinct and well-recognised 
entity.'* It is a different malformation from pulmon- 
ary arteries that originate from the aorta via a ductus 
arteriosus or are supplied through collaterals bet- 
ween the systemic and pulmonary arteries.’ The 
morphology of the anomalous pulmonary artery 
from the ascending aorta is consistent. The artery 
arises from the posterolateral wall of the ascending 
aorta 5-30 mm above the ventriculoarterial junction.’ 
It can also arise from the opposite posterior aspect of 
the ascending aorta.‘ The sizes of the anomalous 
artery and contralateral pulmonary artery are similar 
except when there is associated tetralogy of Fallot. 
Most commonly the right pulmonary artery is 
anomalously connected.'* Anomalous origin of the 
left pulmonary artery usually occurs with a right 
aortic arch, although it has been described with a left 
aortic arch in association with tetralogy of Fallot.*’ 
Tetralogy of Fallot and arterial ducts are well recog- 
nised associations. An anomalous left subclavian 
artery with a right aortic arch is also seen. 
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Diagnosis can be made by cross sectional echo- 
cardiography,°’ when a posterior vessel arising from 
the ascending aorta and supplying the lung can be 
visualised in parasternal and suprasternal views. The 
finding can mimic an aortopulmonary window. 
Therefore it is important to show that the normal 
bifurcation of the pulmonary trunk is absent. Sub- 
costal views may be helpful if the anomalous pulmon- 
ary artery arises from the lateral aspect of the 
ascending aorta,® but more usually it has a posterior 
origin. The anomalous pulmonary artery branches 
normally to supply the lung. Echocardiography and 
angiography are essential to show the abnormality 
and associated lesions. 

Haemodynamic measurements at catheterisation 
showed systemic or suprasystemic pressures’ in the 
pulmonary artery rising from the right ventricle 
except when right ventricular outflow tract obstruc- 
tion coexisted in tetralogy of Fallot. Pulmonary 
vascular changes when seen at either necropsy or in 
intraoperative lung biopsy specimens can be 
correlated with delay in operative repair. Both 
infants in our series who died within the first month 
had normal pulmonary vasculature in both lungs. 
Lung biopsy at 1 month 3 weeks in the infant with 
suprasystemic pressures in the pulmonary artery that 
arose from the right ventricle showed only mild 
medial hypertrophy in the muscular arteries in both 
lungs. However, both patients with tetralogy of 
Fallot operated after two years of age had severe 
unilateral pulmonary vascular changes in the lung 
supplied by the anomalously connected artery. There 
was no evidence for pulmonary vascular hyper- 
tensive changes in the lungs directly supplied from 
the right ventricle and protected from excessive 
pulmonary blood flow by pulmonary and infun- 
dibular obstruction. A crossover mechanism of a 
circulating vasoconstrictor or neurogenic pulmonary 
hypertension’ ”° from the anomalously supplied lung 
to the normally supplied lung was given as a possible 
cause of pulmonary vascular changes in the unaffec- 
ted lung. However, pulmonary blood flow must 
clearly be a critical factor in the development of 
pulmonary vascular disease because patients with 
tetralogy of Fallot show unilateral changes. Some 
studies found no significant differences between the 
lungs on biopsy” " while other studies showed more 
advanced changes on the non-affected side. ° These 
changes were attributed to the high flow of fully 
oxygenated blood in the anomalously supplied lung. 

Irrespective of the mechanisms, early surgical 
intervention, preferably before 12 months of age, is 
important to prevent the development of irreversible 
pulmonary vascular disease. '* In patients in whom 
the anomalous origin of the pulmonary artery is an 
isolated finding, operative correction should be con- 
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sidered soon after diagnosis and preferably before six 
months of age, because early changes of pulmonary 
vascular disease can be identified in the first few 
months of life. Correction may be possible with or 
without cardiopulmonary bypass depending upon 
which side the anomalous pulmonary artery rises and 
the technical difficulties encountered during 
operation.’ Surgical risk is increased by associated 
lesions such as tetralogy of Fallot, but successful 
early surgical repair has been achieved.’® The hypo- 
plasia of the pulmonary artery connected to the right 
ventricle will influence the timing of repair but 
pulmonary vascular hypertensive changes will 
progress in the anomalously supplied lung if opera- 
tion is delayed. 

It is important to make accurate diagnosis in early 
infancy, particularly when patients have associated 
cardiac lesions such as tetralogy of Fallot. This 
dominating finding may obscure the important 
associated anomalous origin of one pulmonary artery 
from the aorta. Anomalous origin of a pulmonary 
artery from the ascending aorta is a distinct entity, 
different from other aortopulmonary arterial connec- 
tions. There is rarely stenosis in the anomalous 
pulmonary artery and the lung with the anomalous 
supply is at high risk of the early development of 
pulmonary vascular hypertensive changes. Delay in 
recognition of such a lesion may result in fatal 
pulmonary vascular disease. 
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Case reports 


Recurrent ventricular tachycardia associated with 
anomalous left coronary artery from the pulmonary 
artery in a child managed by revascularisation and 
map-guided endocardial resection 


JANET M McCOMB, RICHARD VINCENT,* COLIN J HILTON 
From the Regional Cardiothoracic Centre, Freeman Hospital, Newcastle upon Tyne and *Royal Sussex County 


Hospital, Brighton 


SUMMARY A 13 year old girl with recurrent ventricular tachycardia that occurred in association 
with anomalous origin of the left coronary artery from the pulmonary artery is described. Such an 
arrhythmia has not been described before. Ligation of the anomalous left coronary artery led to 
more frequent episodes of ventricular tachycardia with evidence of myocardial ischaemia. She was 
successfully managed by revascularisation (to establish a two coronary system) and map-guided 


left ventricular aneurysmectomy. 


Anomalous origin of the left coronary artery arising 
from the main pulmonary artery is a rare congenital 
anomaly that is often fatal in infancy.’ Myocardial 
ischaemia is common and infarction may occur, as 
may mitral regurgitation.’ The commonest mode of 
presentation is cardiac failure in infancy, but sudden 
death may occur both in children and adults with or 
without previous symptoms. In a review of 147 
patients, sudden death was reported in 11, occurring 
after exertion in six.’ Hight had been symptom free. 
Sudden death in these patients is thought to be 
caused by ventricular arrhythmias,'? although such 
arrhythmias have rarely been recorded.** 
Management 1s controversial, with both medical 
and surgical treatment giving poor results,’ although 
a comparison was difficult because of bias in the 
selection of patients.° There have been various sur- 
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gical approaches, although evidence suggests that 
revascularisation, with establishment of a two coron- 
ary system, is the best option.” ë 

We describe a 13 year old girl who is unusual in 
several respects. She has survived to adolescence, 
despite a mortality for this condition in infancy of 80- 
90%.'* She presented with recurrent ventricular 
arrhythmias, which increased in frequency after 
ligation of the anomalous left coronary artery. Fur- 
ther recurrence of arrhythmias was prevented by 
surgical revascularisation with map-guided ven- 
tricular aneurysmectomy. 


Case report 


This 13 year old girl presented initially at the age of 
three months when she became cyanosed and dysp- 
noeic. She was found to be in heart failure with 
tachycardia, cardiomegaly, and hepatomegaly. She 
improved gradually after treatment with digoxin, 
which was subsequently stopped. 

She remained well until the age of 11 when during 


396 


Recurrent ventricular tachycardia in a child 


gymnastics she had an episode of ventricular 
tachycardia with syncope, chest pain, and dyspnoea 
(fig 1). After she was admitted to her local hospital an 
apical systolic murmur was heard. The electro- 
cardiogram showed Q waves in leads I and aVL with 
loss of R wave amplitude and non specific ST-T 
wave changes in the lateral chest leads (fig 2). The 
chest x ray showed moderate cardiac enlargement 








2g 


hythm strip ¥ 
Rhy IN 


25 mm/s; 1 


ij KOH | 


397 


and the echocardiogram showed “‘slight dilatation of 
the left ventricle with some hypokinesia.” Atenolol 
25 mg daily was started and later was increased to 
50 mg twice a day. Five months later, after a sudden 
fright she had a further episode of tachycardia, which 
terminated spontaneously after 45 minutes. After 
this, she was able to exercise on the treadmill 
according to the standard Bruce protocol for 14 
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Fig 1 Electrocardiogram recorded during first episode of ventricular tachycardia. 
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Fig 2 Electrocardiogram Pedii during sinus rhythm. 
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minutes, the heart rate rising from 67 to 166 beats per 
minute. Asymptomatic ST depression developed in 
the inferior leads and resolved during recovery. 
Ventricular bigeminy was seen at the termination of 
exercise. One week later, she complained of mild 
discomfort in the left arm, legs, and chest, with 
muscle pains and headache. She went swimming, and 
after two lengths tachycardia and clutching chest 
pain developed, which radiated to the back and was 
eased by glyceryl trinitrate. Runs of ventricular 
tachycardia were subsequently seen. 

She was then referred for invasive studies. Cardiac 
catheterisation showed an anomalous left coronary 
artery arising from the main pulmonary artery. The 
diagnosis was confirmed at operation, when the left 
coronary orifice was oversewn from within the 
pulmonary artery. The heart was enlarged and there 
was a large anteroapical fibrous left ventricular 
aneurysm. On day 7 an episode of sustained ven- 
tricular tachycardia developed and she was treated 
with flecainide 100 mg twice a day. Three weeks after 
this she had an episode of palpitation lasting two 
hours caused by ventricular tachycardia. This was 
treated by cardioversion. Treatment was changed to 
mexiletine 100 mg twice a day. Three weeks later she 
felt “a run of thumps” while cycling. She dismoun- 
ted, went indoors, and fainted. Her mother described 
her as deep purple, with a few gasping respirations. 
She lay still, had mo pulse, and no heart beat. 
Cardiopulmonary resuscitation was started and she 
recovered within 30 seconds. 

She was then transferred to Freeman Hospital. By 
this time she complained of interscapular pain on 
exertion and was afraid to exercise. Dipyridamole- 
thallium scintigraphy confirmed a reversible per- 
fusion defect in the anterior wall, and a coronary 
angiogram showed a large tortuous right coronary 
artery. The left coronary artery opacified quickly 
after injection of the right coronary artery, but its 
filling was less pronounced than it had been before 
ligation. No ventricular arrhythmias were induced 
by programmed ventricular stimulation. At opera- 
tion, epicardial mapping of both ventricles was 
performed during normothermic bypass. This iden- 
tified an area of abnormal electrical activity 
associated with the apical aneurysm. The left ventri- 
cle was then opened through the apical scar and 
endocardial mapping was performed during sinus 
rhythm.. This confirmed an area of abnormal 
electrical activity in the aneurysm. Programmed 
ventricular stimulation again failed to induce 
ventricular arrhythmias. The endocardium from 
which fractionated electrograms were recorded was 
resected, as was the aneurysm. The left internal 
mammary artery was grafted to the left anterior 
descending coronary artery during cold cardioplegia. 
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Postoperatively she made a good recovery. Sub- ` 
sequently, she has done well, growing 11 cm within 
three months. She is taking no medication, is 
exercising normally, has no angina, and there has 
been no recurrence of her arrhythmia. 


Discussion 


Malignant ventricular arrhythmias are a well recog- 
nised sequel of ischaemic heart disease caused by 
coronary atheroma, but have been less well 
documented in other forms of myocardial ischaemia. 
Sudden death has, however, been associated with an 
anomalous left coronary artery arising from the 
pulmonary artery, and there is evidence that this is 
more common in adults.?** Although it has been 
suggested that arrhythmias are the cause of sudden 
death in these patients,’ such arrhythmias have rarely 
been described in association with this anomaly.** 

We report an unusual presentation of anomalous 
left coronary artery, with recurrent sustained ven- 
tricular tachycardia and syncope occurring for the 
first time in adolescence. Heart failure in infancy had 
resolved with medical treatment, and the patient had 
been symptom free for 11 years, although there was 
evidence of silent myocardial ischaemia. Spontan- 
eous resolution of symptoms has been described” but 
is unusual. Her arrhythmias increased in frequency 
after ligation of the anomalous artery, and ischaemia 
was again demonstrated. All her symptoms resolved 
after endocardial resection and revascularisation 
with the left internal mammary artery. 

There has been controversy about the most 
appropriate treatment, with some advocating 
medical treatment and some surgical treatment.’ 
Various surgical procedures have been recommen- 
ded, ranging from ligation of the anomalous artery to 
revascularisation procedures, including direct re- 
implantation, saphenous vein grafting, and arterial 
flap repairs.* Despite this, surgical results have been 
described as disappointing.® Simple ligation of the 
anomalous coronary artery is associated with a high 
mortality,’ *" which has been attributed to ischaemia 
in the absence of collateral circulation.’ Ligation 
leaves a single coronary system, which may lead to 
subsequent ischaemia. Angina developing some time 
after ligation has been reported.’ Asymptomatic 
ischaemia has also been shown by exercise testing''"* 
in approximately half of the few patients so studied. 
Ligation may also be associated with a higher risk of 
late sudden death than other surgical procedures." 
Revascularisation, with the establishment of a two 
coronary system, is therefore thought to be the best 
treatment.’*"! Attempts at establishing a two coron- 
ary system have had varying results. Early attempts 
used saphenous vein grafting to the anomalous left 
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coronary artery after ligation.” Over 30 patients with 
saphenous vein grafts have been reported. Grafts 

-were shown to be patent postoperatively in 11 
patients,"* °° and were known to be occluded in 
five (31%).°°" Various other methods of revas- 
cularisation have been described,’ but none was 
appropriate in our patient because of the previous 
ligation. The left internal mammary artery was 
therefore used to graft the anomalous coronary 
artery. This technique, not previously described in 
this condition, satisfactorily established a two coron- 
ary system, and may remain patent for longer than a 
saphenous vein graft. 

Map-guided left ventricular endocardial resection 
was performed in addition to bypass grafting in our 
patient, as a further antiarrhythmic measure. Others 
have performed aneurysmectomy” or left ventricular 
resection’ ’ in a few patients, presumably because of 
heart failure, but a map-guided procedure has not 
been described before. 

This report describes ventricular tachycardia in 
association with an anomalous left coronary artery, 
and emphasises the importance of appropriate 
management of ischaemia in the treatment of this 
condition. i 
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Successful repeat percutaneous transluminal 
coronary angioplasty after failed coronary artery 
surgery for left main coronary artery dissection 


DAVID RRAMSDALE, PETER M SCHOFIELD 
From the Regional Adult Cardiothoracic Unit, Broadgreen Hospital, Liverpool 


SUMMARY A 57 year old man required emergency coronary artery bypass surgery after dissection 
of the left main coronary artery during percutaneous transluminal coronary angioplasty. His 
symptoms recurred when the vein grafts became occluded. A dilatation device with the lowest 
profile was used to reduce the need for firm support from the guiding catheter during repeat 
percutaneous transluminal coronary angioplasty. The repeat procedure was successful in opening 


up the left circumflex coronary artery. 


Dissection of the left main coronary artery is a well 
recognised but uncommon complication of coronary 
angiography and percutaneous transluminal coron- 
ary angioplasty that requires emergency coronary 
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Fig 1 
coronary angioplasty. (b) During the procedure dissection of the left main coronary artery occurred (arrow). 
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artery bypass surgery.’ Dissection can occur when 
the guiding catheter is deeply engaged in the coron- 
ary artery in order to provide support so that the 
balloon catheter can be advanced across a high grade 
stenosis during angioplasty. 

We describe a patient in whom coronary bypass 
surgery performed for this complication subsequen- 





Angiogram in the right anterior oblique projection showing (a) a severe stenosis in the circumflex artery before 
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tly failed but where repeat percutaneous trans- 
luminal coronary angioplasty using the lowest profile 
dilatation device was successful. 


Case report 


A 57 year old man with a twelve month history of 
severe angina was found to have an eccentric stenosis 
of 95°, of the diameter of the mid-third of a 
dominant left circumflex coronary artery (fig la). 
During coronary angioplasty, it was difficult to 
advance a 30 mm low profile “snake” balloon 
dilatation catheter (balloon profile (BP) 1-3 mm) 
acoss the stenosis. An attempt to obtain more support 
for the balloon catheter by deeply engaging an 8F 
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Fig2 Repeat angiograms in the right anterior oblique 
projection showing (a) the normal appearance of the left 
main and left anterior descending arteries and an unchanged 
stenosis in the circumflex artery. (b) After dilatation with a 
2:5 mm probe and subsequently a 3:0 mm balloon catheter, a 
satisfactory angiographic result was obtained. (c) Eight 
months later there was no evidence of important restenosis. 


Amplatz soft-tip guiding catheter caused dissection 
of the left main coronary artery (fig 1b). This rapidly 
progressed to cause subtotal occlusion of the left 
coronary artery, chest pain, and anterior ST segment 
elevation. The patient underwent emergency coron- 
ary artery bypass grafting to the left anterior descen- 
ding, first diagonal, and first and second obtuse 
marginal coronary arteries. 

Within three months of operation, however, he 
again began to experience angina on moderate effort 
and subsequently his symptoms increased in 
frequency and severity despite full medical treat- 
ment. 

Thirteen months after the operation the patient 
underwent repeat coronary angiography. This 
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showed occlusion of all of the saphenous vein grafts. 
Somewhat surprisingly, the left main coronary 
artery, left anterior descending, and first diagonal 
arteries appeared to be angiographically normal (fig 
2a). However, the severe eccentric stenosis in the left 
circumflex artery remained. Repeat percutaneous 
transluminal coronary angioplasty was therefore 
undertaken. 

A further attempt at crossing the stenosis with a 2-5 
mm USCI profile plus balloon catheter (BP 0-91 
mm) failed because of resistance at the lesion and 
poor support from the 8F FL 3-5 Judkins soft tip 
guiding catheter. However, a 2-5 mm USCI probe 
dilatation device (BP 0-64 mm) crossed the lesion 
with ease without the need for deep engagement of 
the guiding catheter and a satisfactory dilatation was 
achieved. We advanced a 3-0 mm balloon catheter 
(USCI low profile plus, BP 0-97 mm) across the 
residual lesion using a conventional 0-36 mm ACS 
high torque floppy guide wire. A satisfactory 
angiographic result was achieved after dilatation (fig 
2b). 

The patient was active and free of angina six 
months later. At eight months there was no angiogra- 
phic evidence of restenosis (fig 2c). 


Discussion 


Dissection is more likely to occur with 9F Judkins 
and with Amplatz shaped guiding catheters.” Soft 
tipped catheters have been produced to help min- 
imise the risk but they are unlikely to eliminate this 
complication completely. Moreover, this case high- 
lights the advantage of the extremely low profile of 
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dilatation devices such as the USCI probe, which 
have more recently become available. This catheter 
may assist safe crossing of severely stenosed, eccen- 
tric lesions situated distally in the coronary arteries 
without the need for deep engagement of the guiding 
catheter. However, having chosen this catheter, the 
operator currently has to accept that unless the ratio 
of balloon:vessel size is optimal, the lesion may need 
to be recrossed to improve the final angiographic 
result—a procedure that still. causes concern 
especially when intimal dissection is visible. The 
SciMed DGW (Dilating Guide Wire- with a 1-5 mm 
polyolefin balloon (BP 0-43 mm)), which can be 
passed through an appropriately sized TRAC? 
balloon catheter, is designed to help overcome this 
problem. 

Finally, our case shows one possible course of left 
main coronary artery dissection treated by coronary 
artery bypass surgery—that is subsequent healing 
and normalisation of the vessel. 

We are not aware of any previous reports of 
percutaneous transluminal coronary angioplasty to 
the native left coronary artery after left main coron- 
ary artery dissection. If technically possible, this 
procedure is clearly preferable to repeat bypass 
surgery. 
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Spontaneous displacement of a pacemaker electrode 
and its subsequent successful reimplantation 


JOHN GIALAFOS, ANASTASIOS THEOPHILIS, GEORGE SIAMAS 
From B Department of Cardiology and Cardiac Department, University of Athens Medical School, 


Hippokration Hospital, Athens, Greece 


SUMMARY A case of what was assumed to be twiddler’s syndrome was caused by spontaneous 
twisting and displacement of the electrode on the fortieth postoperative day. The pacemaker had 
not been manipulated by the patient, the pocket was tight, and the proximal electrode was well 
secured. The complication was managed successfully by reimplanting the same electrode after 
stiffening the lead near the generator with a portion of the stylet. 


Pacemaker twiddler’s syndrome was first described 
by Bayliss et al in 1968.’ They reported a case in 
which the pulse generator had twisted in its sub- 
cutaneous pocket, apparently because it had been 
manipulated by the patient. This twisting led to 
retraction of the electrode into the superior vena cava 
and consequent interruption of pacing. Since then, 
there have been several reports of similar cases with 
various access routes (transvenous, epicardial),?* 
types of leads (unipolar, bipolar) and pulse 
generator pocket positions (pectoral, abdominal)’‘ 
and comparisons of conventional pacemakers 
and implantable internal automatic cardioverter 
defibrillators.’ 

We describe a patient in whom the transvenous 
ventricular pacing electrode became displaced by 
spontaneous twising of the electrode. We managed 
this complication in a new way. 


Case report 


A 68 year old woman (weight 67 kg, height 1-61 m) 
underwent implantation of a Medtronic 5941 VVI 
pacemaker with target tip unipolar electrode (Med- 
tronic-4011-58) because of symptomatic 2:1 atrio- 
ventricular block. The pacing threshold was 0-4 V or 
0-8 mA with 450 Q resistance and satisfactory 
endocardial potentials. The electrode was attached to 
the surrounding tissue with three double silk sutures 
(Mersilik 3-5), according to the standard practice of 
our pacing unit. The position and functioning of the 
pacing system were entirely satisfactory initially and 
on the second examination 20 days later (fig 1a). 


for reprints to Dr John Gualafos, 17-19 Ploutarchou 
Street, 106 75 Athens, Greece 


On the fortieth postoperative day, however, the 
patient was brought to the clinic because of loss of 
pacing capture. The x ray (fig 1b) showed that the 
electrode tip was displaced into the superior vena 
cava and that the lead was twisted near to the 
generator. The position and orientation of the gen- 
erator were almost exactly as they had been at the 
time of implantation. The patient consistently denied 
touching or manipulating the area of the pacemaker 
pocket. 

On reoperation, the pacemaker pocket was found 
to be tight around the generator but there were 
several twists in the electrode lead close to the 
generator, despite the double sutures still being in 
place. Because it was difficult to withdraw the 
electrode past the junction of the subclavian and 
cephalic veins, we decided on a novel solution to the 
problem. We reimplanted the same electrode, after 
inserting approximately half of the soft stylet (35 cm) 
into the part of the lead nearest the generator. Thus 
the distal part of the stylet, which we had curved 
slightly to assume its final position, was in the 
superior vena cava, while the proximal end coincided 
with the proximal end of the electrode, which was 
screwed into the generator. (Cutting the stylet with 
scissors had left a slight flange around what became 
the proximal end, and this prevented the stylet 
sliding towards the electrode tip.) In this way, the 
proximal part of the electrode was stiffened and made 
more resistant to twisting (fig 2). 


Discussion 
As first described by Bayliss et al.' the lead dis- 


placement in pacemaker twiddler’s syndrome is due 
to a capstan effect produced by the pulse generator’s 
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Figl (a) Radiograph showing the satisfactory position of the pacing system. Note the two loops in the electrode lead 
(arrows). (b) Radiograph showing displacement of the electrode tip to the superior vena cava and twisting of the electrode 
(arrow) close to the pacemaker. The position and orientation of the generator are almost identical with those shown tn (a) 





Fig 2 Radiograph after reimplantation of the electrode in the apex. The proximal part of the electrode forms one large loop 
(arrow) because of its extra stiffness, in contrast with the two loops formed by the original, more flexible electrode, as shown in 
fig la. 


Spontaneous displacement of a pacemaker electrode 


rotation within a capacious pulse generator pocket. 
According to Smyth and Millette, this syndrome is 
found in obese patients, in whom a loose generator 
pocket tends to form. Spontaneous rotation of the 
pulse generator may then occur, as a result of arm 
movement, when there is a loose pocket, when the 
generator has not been fixed firmly in place, or when 
a single fixation suture has been used, which then 
provides a fulcrum around which the pulse generator 
can rotate. 

In our case the patient was not obese, there was no 
slackness in the generator pocket, and the patient 
consistently denied fiddling with the pocket. 

The x ray showed that the pulse generator was in 
almost exactly the same position as on implantation. 
On reoperation, we found that the pocket fitted 
tightly around the generator, with no fluid accumula- 
tion, and the three double securing sutures were 
clearly identifiable. 

We concluded that the electrode was dislodged by 
spontaneous twisting, which retracted the electrode. 
This case provides strong grounds for believing that 
the term “pacemaker twiddler’s syndrome” is not 
always apt. We agree with Smyth and Millette® that 
this term should be abandoned. 

It is generally believed that when a pacemaker lead 
is disturbed in this way it should be removed and 
replaced or fixed and replaced by a new lead.* In our 
patient it was impossible to remove the original 
electrode. Because we strongly believed that the lead 
twisting was spontaneous and that the lead itself was 
undamaged, we decided to reimplant the same elec- 
trode, leaving a large part of the stylet inside the lead 
and connected with it to the generator. The stylet is 
quite flexible and we did not expect that the end of 
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the stylet would damage the lead, especially as the 
stylet was shaped appropriately before insertion. In 
this way we stiffened the electrode as far as the 
superior vena cava, sufficiently to preclude further 
twisting. On reimplantation, the threshold was only 
0-3 V or 0:7 mA with 472 Q resistance, confirming 
that the electrode was in good condition. The 
pacemaker was not given any extra support. 

The follow up over eight months has been 
uneventful, with no signs of lead damage or dis- 
placement, and the patient is doing well. 
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Congenital fistula between the left ventricle and 
coronary sinus: elucidation by colour Doppler flow 


mapping 


J P GNANAPRAGASAM, ABHOUSTON, S LILLEY 
From the Departments of Cardiology and Child Health, Royal Hospital for Sick Children, Glasgow 


SUMMARY A fistula between the left ventricle and the coronary sinus was diagnosed by Doppler 
echocardiography and confirmed by cardiac catheterisation in a symptom free child who presented 
with clinical signs of mitral regurgitation. A similar abnormality has been reported after repeated 
mitral valve replacement and after myocardial infarction but a congenital fistula of this type has not 


been described before. 


Congenital abnormalities of the coronary sinus are 
uncommon. They include abnormal systemic or 
pulmonary venous drainage into the coronary sinus, 
fistulas between the coronary artery and coronary 
sinus, absence of the coronary sinus, atresia of the 
coronary sinus ostium,’ and coronary sinus 
aneurysms.”*> The development of an iatrogenic 
fistula between the left ventricle and the coronary 
sinus is a recognised surgical complication after 
repeated prosthetic mitral valve replacement.‘ An 
acquired fistula has also been reported as a complica- 
tion of acute myocardial infarction. We report the 
case of a child with a congenital fistula between the 
left ventricle and the coronary sinus, a congenital 
abnormality that has not been described before. 


Case report 


A 20 month old girl was found to have an asymp- 
tomatic heart murmur on routine examination. Her 
previous history and family history were unremark- 
able. Physical examination showed a well nourished 
child with no cyanosis or clubbing and normal 
pulses. The apex beat was not displaced and there 
was no precordial thrill. Auscultation showed normal 
heart sounds with a grade 2/6 long systolic murmur 
best heard over the apex and radiating to the axilla 
and back. There was no other murmur. A clinical 
diagnosis of mitral regurgitation was made. 
Electrocardiography was normal. Cross sectional 
imaging showed normal mitral valve leaflets and 
papillary muscle attachments. Stand alone contin- 
uous wave Doppler examination showed a high 
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velocity systolic jet (velocity 4-2 m/s, equivalent to a 
pressure gradient of 70 mm Hg) in the region of the 
mitral valve, which was interpreted as being in 
keeping with the clinical diagnosis of mild mitral 
regurgitation. 

Review when she was five years old showed that 
she was symptom free with no change in the physical 
signs. Echocardiography was performed with a Ving- 
med CFM 700 system with duplex pulsed and 
continuous wave and colour Doppler flow mapping. 
Colour Doppler clearly showed a high velocity jet 
from the left ventricle through its posterior wall into 
an enlarged coronary sinus (fig 1). Doppler examina- 
tion at a high frequency of pulse repetition and with 
the sample volume placed over the jet seen on colour 
mapping confirmed a systolic jet with a velocity of 
about 4 m/s (pressure difference 64 mm Hg). The 
spectral record showed both a fixed obstructive ` 
signal and a dynamic one, which indicated increasing 
obstruction during systole. 

Subsequent careful ultrasound examination 
showed that when the scanning plane was tilted to the 
right, the medial part of the coronary sinus could be 
shown to be dilated. Colour Doppler flow mapping 
showed a communication between the left ventricle 
and the coronary sinus. There was no evidence of 
mitral regurgitation or other abnormality. 

Cardiac catheterisation was undertaken to confirm 
this unusual abnormality. Left ventricular angio- 
cardiography produced immediate opacification of 
the coronary sinus (fig 2a) before filling of the 
coronary arteries had occurred. The coronary 
arteries were normal, The cardiac veins drained 
normally into an aneurysmally dilated coronary sinus 
(fig 2b). The oxygen saturation in the peripheral part 
of the coronary sinus was 38% and in the dilated 
medial part it was 95%. This indicated left to right 
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Fig! Parasternal long axis view with colour Doppler flow mapping showing high velocity flow from the base of the left 
ventricle into the coronary sinus, which is dilated. LV, left ventricle; LA, left atrium; Ao, aorta. 





Fig2 (a) Left ventricular angiocardiogram showing filling of the aneurysmal coronary sinus. (b) Angiogram after an 
injection of contrast into the coronary sinus. 
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flow into the coronary sinus, but there was no rise in 
oxygen saturation in the pulmonary artery, indicat- 
ing that there was no haemodynamically significant 
left to right shunt. Contrast echocardiography 
through the catheter placed in the left ventricle 
showed an immediate appearance of contrast in the 
coronary sinus and then in the right atrium, but not 
in the left atrium. These investigations conclusively 
proved the presence of a communication between the 
left ventricle and the coronary sinus. 

Electrophysiological studies were undertaken 
because of the reported high incidence of arrhyth- 
mias and sudden death associated with coronary 
sinus aneurysm.’ They showed no evidence of an 
accessory pathway between the right atrium and 
right ventricle. 


Discussion 


The coronary sinus lies in the posterior atrioven- 
tricular groove and when it is dilated it can be imaged 
with echocardiography in the parasternal long axis 
view.’ Dilatation of the coronary sinus is usually 
caused by increased blood flow into it and may be 
the result of a coronary arteriovenous fistula or 
anomalous pulmonary or systemic venous drainage.’ 
Although the shunt was small in our patient, the high 
pressure flow from the left ventricle may have caused 
dilatation of the proximal coronary sinus. Aneurys- 
mal dilatation of the coronary sinus may also occur as 
an isolated defect without a shunt into the sinus.?° 

An acquired fistula between the left ventricle and 
the coronary sinus can occur after repeated mitral 
valve replacement*?’ and after myocardial infarction.‘ 
This rare occurrence can be explained by the close 
anatomical relation between the coronary sinus and 
the left ventricle. Because the coronary sinus arises 
from the left horn of the sinus venosus 1t should have 
no communication with the left ventricle, which has a 
quite separate embryological origin. A fistula can 
occur from the left ventricle to a coronary artery, and 
from a coronary artery to the coronary sinus; this was 
the basis of the only similar case reported, a patient 
with aortic valve atresia, left ventricular hypoplasia, 
intact atrial septum, and dilated intramyocardial 
sinusoids,’ which is very different from the present 
case. Another possible explanation for this unusual 
fistula is that a primary congenital aneurysm of the 
coronary sinus may have subsequently ruptured into 
the left ventricle creating a left ventricle to coronary 
sinus fistula. 

There are four published reports of coronary sinus 
aneurysm’*; one was a chance diagnosis in a baby 
undergoing cardiac catheterisation and the other 
three were diagnoses made at necropsy in young 
patients who died suddenly. These three patients had 
a history of tachycardia and accessory atrio- 


Gnanapragasam, Houston, Lilley 


ventricular pathways were found in two of them. Our 
patient, however, has no history of arrhythmias and 
electrophysiological studies were normal. 

In view of the high pressure shunt into the 
coronary sinus and the possibility of further dilata- 
tion and extracardiac rupture of the aneurysm we 
decided that the fistula should be closed surgically at 
a later date. 

In this case the suspicion of an abnormality was 
first raised by the unusual position of the abnormal 
high velocity jet on colour Doppler and careful 
examination of the area identified the fistula. Without 
this investigation the murmur would probably have 
been regarded as a consequence of mild mitral 
regurgitation and further investigation would not 
have been undertaken. If Doppler studies are not 
available the lesion should be suspected where there 
are clinical signs of mitral regurgitation in a patient 
with dilatation of the medial part of the coronary 
sinus. The routine use of colour Doppler flow 
mapping may identify further patients with similar 
lesions. 


JPG 1s supported by a grant from the Equipment 
Evaluation Committee of the Scottish Home and 
Health Department. 
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Heart transplantation for Churg-Strauss syndrome 


DAVID THOMSON,* HASSAN CHAMSI-PASHA,+t P HASLETON{ 


From the t Department of Medicine, Hope Hospital, and Departments of *Cardiothoracic Surgery and 
Pathology, Regional Cardiothoracic Centre, Wythenshawe Hospital, Manchester 


SUMMARY A patient with heart failure caused by Churg-Strauss syndrome was successfully 
treated with transplantation. The case was unusual because there was little evidence of Churg- 
Strauss syndrome in the lung. The patient remains well on standard transplant immunotherapy. 


Churg-Strauss syndrome was first described in 
1951.' It is characterised by blood and tissue eosino- 
philia and disseminated necrotising vasculitis in 
asthmatic patients. Heart failure occurs in 47% of 
patients and accounts for nearly half the deaths.*? We 
report a 22 year old man with Churg-Strauss syn- 
drome in whom heart failure developed necessitating 
heart transplantation. To our knowledge, this is the 
first report to describe heart transplantation in a 
patient with this syndrome. 


Case report 


A 22 year old man was first seen in July 1986 
complaining of breathlessness and wheezing. The 
chest radiograph showed bilateral interstitial lung 
opacities and he had pronounced eosinophilia (7-7 x 

10°/1). Pulmonary eosinophilia was diagnosed and 
resolved when he was treated with oral steroids and 
bronchodilators. He remained well on 10 mg/day of 
prednisolone until July 1987 when he was admitted 
to hospital with a sudden onset of cough and breath- 
lessness. The radiograph (figure) showed considera- 
ble cardiomegaly and pulmonary oedema and the 
electrocardiogram showed low voltage complexes. 
Echocardiography showed biventricular dilatation 
with a small pericardial effusion. The ejection frac- 
tion was estimated to be 15%. The eosinophil count 
was 3 x 10°/l. The dose of steroids was increased and 
the eosinophilia resolved within three days. Cardiac 
catheterisation showed a pulmonary capillary wedge 
pressure of 18 mm Hg and a mean pulmonary artery 
pressure of 24 mm Hg. Myocardial muscle biopsy 
showed prominent foci of young fibroblastic tissue 
with necrotic and hypertrophied myocytes and an 
infiltrate of lymphocytes, plasma cells, and eosino- 
phils. No vasculitis was seen. Two months later the 
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heart failure worsened. Echocardiography showed 
further dilatation of the heart chambers and impair- 
ment of left ventricular function. Serum concentra- 
tions of urea and creatinine were 7-1 mmol/l and 0-11 
mmol/l respectively, with a creatinine clearance of 
113 ml/min. Microscopical examination of urine did 
not show haematuria, casts, or proteinurea. In 
October 1987, he was transferred to Wythenshawe 
Hospital. He was anuric and had a mean blood 
pressure of 30 mm Hg, that improved during 
treatment with adrenaline, intra-aortic balloon 


counterpulsation, and ventilation. Two days later, 

orthotopic cardiac transplantation was performed. 
The excised heart weighed 340 g and there was 

dilatation of all chambers. The right ventricle 





Figure Chest x ray showing considerable cardiomegaly and 
pulmonary oedema. 
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weighed 83 g and the left 213 g. The myocardium 
had mottled yellow/white foci. The coronary arteries 
were macroscopically normal. 

Fibrinoid necrosis with some giant cells was seen 
in some intramyocardial vessels. There was arteritis 
in the right coronary artery. All the cardiac valves 
were histologically normal. Subendocardial fibrinoid 
necrotic foci were seen especially in the left atrium 
and ventricle, as well as foci of fibrosis and associated 
hypertrophy. A mild eosinophilic infiltrate was 
present. A lung biopsy specimen showed an inter- 
stitial infiltrate of lymphocytes, plasma cells, and 
occasional neutrophils. No vasculitis was identified. 

Postoperatively, after perioperative antithymocyte 
globulin, he was treated with cyclosporin, azathio- 
prine, and steroids. Three weeks after transplanta- 
tion, a fever and diffuse pulmonary shadowing 
developed. The donor heart came from a cyto- 
megalovirus seropositive person and so we treated 
our patient for cytomegalovirus pneumonitis. He 
recovered after treatment with gancyclovir and cyto- 
megalovirus immunoglobulin. Two months after 
discharge from hospital he was readmitted with 
cough and breathlessness and eosinophilia (2 x 
10°/1). A cardiac biopsy specimen did not show 
rejection and we thought he had had a relapse of 
Churg-Strauss syndrome. The maintenance dose of 
steroids was increased; his condition improved and 
the eosinophil count returned to normal. The patient 
remains well twelve months after transplantation. 


Discussion 


Churg-Strauss syndrome is a rare disorder charac- 
terised by asthma, large numbers of eosinophils in 
the blood and tissue, angiitis, and necrotising granu- 
lomatous lesions in other organs such as the heart, 
lungs, nervous system, kidneys, spleen, skin, 
muscles, and gastrointestinal tract. ° When Lanham 
et al reviewed published reports they found 138 
patients with this syndrome.” The mean age of onset 
is 44 years with male to female ratio of 1:3:1. 

At necropsy the heart is often found to be affected 
in Churg-Strauss syndrome and the cardiac manifes- 
tations include cardiac failure, myocardial infarction, 
hypertension, and pericarditis.'* 

Myocardial scarring, inflammation, cardiac dilata- 
tion, and adherent mural thrombosis were reported.’ 
In addition, eosinophilic endomyocarditis leading to 
advanced restrictive cardiomyopathy has been des- 
cribed.’ 

Our patient developed clinical, echocardiographic, 
and pathological features of congestive cardio- 
myopathy with multiple ventricular thromboses. 
The echocardiographic diagnosis of multiple ven- 
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tricular thrombi in a patient with Churg-Strauss 
syndrome has not previously been reported. 

If untreated, the prognosis is poor with a five year 
survival rate of 25%. With immunosuppressive 
treatment a five year survival rate of 62% was 
reported.’ In our patient intractable heart failure 
developed despite conventional treatment. Cardiac 
transplantation was the only remaining option. 

The fact that a “relapse” after transplant was felt 
to be due to resurgence of Churg-Strauss syndrome 
gives rise to the question of whether standard triple 
immunosuppressive treatment can be adequately 
targeted against such a syndrome. Because Churg- 
Strauss syndrome is basically caused by a humorally 
mediated response, we would not expect that cyclo- 
sporin with its specific action against T lymphocytes 
would have much effect on the suppression of Churg- 
Strauss syndrome. The single episode of relapse was 
successfully treated by increasing the dose of steroids 
and it may be that the best combination is azathio- 
prine and cyclosporin, with lower doses of cyclo- 
sporin than usual, together with indefinite treatment 
with steroids, which currently we stop after a year. 

As yet there is no evidence that the transplanted 
heart has been affected by the Churg-Strauss syn- 
drome. 


D T is Wellcome Transplant Fellow at Wythen- 
shawe Hospital. We thank the following for their 
help and for permission to report this case. 
A N Rahman (consultant surgeon, Wythenshawe 
Hospital), N H Brooks (consultant cardiologist, 
Wythenshawe Hospital), A Holmes (renal physician, 
Hope Hospital), W P Stephen (consultant physician, 
Park Hospital). 
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The Randomised Intervention Treatment of Angina 
(RITA) Trial protocol: a long term study of coronary 
angioplasty and coronary artery bypass surgery in 
patients with angina 


R A HENDERSON, for the Randomised Intervention Treatment of Angina Trial* 


SUMMARY The Randomised Intervention Treatment of Angina (RITA) Trial is a prospective, 
randomised study to compare the short term and long term effects of percutaneous transluminal 
coronary angioplasty and coronary artery bypass surgery. During the study a register of patients 
undergoing coronary arteriography at the fourteen participating centres is being maintained to 
assess the overall context of patient recruitment. Patients with arteriographically proven coronary 
artery disease are considered for the trial if the participating cardiologist and surgeon agree that 
equivalent revascularisation could be achieved by either treatment method. Patients who satisfy 
the trial entry criteria are randomised to treatment by coronary angioplasty or coronary artery 
bypass surgery, with prospective stratification into groups with one, two, or three treatment 
vessels. Randomisation implies an intention to treat the patient by the assigned procedure and the 
analysis of long term results will include all randomised cases. The trial will recruit at least 1000 
patients who will be followed for five years. The major trial end points include death, new 
myocardial infarction, and new coronary angioplasty or coronary artery bypass procedures. Other 
outcome measures include symptom and employment status, quality of life, exercise tolerance, and 
left ventricular function. 


For many patients with coronary artery disease 
percutaneous transluminal coronary angioplasty and 
coronary artery bypass surgery offer alternative 
methods of improving myocardial blood supply. The 
long term effects of coronary artery surgery have 
been assessed in three randomised clinical trials, 
but information about the effects of coronary angio- 
plasty is limited to registry studies.*” 

During 1986 and 1987 a small feasibility study 
examined the possibility of conducting a major 
randomised clinical trial to compare the effects of 
coronary angioplasty and coronary artery surgery. 
The feasibility study assessed whether patients and 
doctors would accept randomisation between such 
widely different treatments, and contributed to the 
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development of a protocol for a large multicentre 
investigation. This protocol evolved into the Ran- 
domised Intervention Treatment of Angina (RITA) 
Trial, and a steering committee of interested and 
experienced cardiologists and surgeons was formed. 
Potential participating centres were invited to join 
the Randomised Intervention Treatment of Angina 
Trial and by November 1987 the trial protocol had 
been finalised. The Department of Health, the 
British Heart Foundation, and the British Cardiac 
Society agreed to support the Randomised Interven- 
tion Treatment of Angina Trial, and the first patient 
was randomised in March 1988. By July 1988 
fourteen participating centres were entering patients 
into the trial. 


Trial objectives and design 
The Randomised Intervention Treatment of Angina 


Trial is a prospective, randomised, parallel group 
study to compare the short term and long term effec 
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of percutaneous transluminal coronary angioplasty 
and coronary artery bypass surgery. Patients with 
arteriographically proven coronary artery disease are 
considered for the study if in the opinion of the 
participating cardiologist and cardiothoracic surgeon 
equivalent revascularisation could be achieved by 
either intervention procedure. All randomised 
patients will have detailed follow up for at least five 
years, and will be included in the analysis of long 
term results irrespective of the eventual treatment. 
The primary end points will be death, new myocar- 
dial infarction, and repeat coronary angioplasty or 
bypass surgery. An assessment will also be made of 
quality of life, exercise tolerance, and left ventricular 
function. 


Coronary arteriogram register 


To assess the relevance of the trial to clinical practice 
a register of all patients undergoing coronary 
arteriography at each participating centre is being 
maintained during the period of patient recruitment. 
The register is designed to encourage recruitment 
and to determine the reasons for excluding patients 
from the trial, The register is recording around 1000 
patients per month and will provide independent 
information about the practice of coronary 
arteriography in the participating centres, which are 
sited throughout the United Kingdom. 


Patient eligibility 


Any patient, irrespective of sex or age, who has 
arteriographically proven coronary artery disease 
may be considered for the trial. Treatment by 
coronary angioplasty or coronary artery surgery must 
be considered necessary on clinical grounds, 
although it is not essential for patients to have angina 
if intervention is considered appropriate for reasons 
other than symptom relief. Patients with unstable 
angina, recent thrombolytic treatment, or poor left 
ventricular function may be included in the study as 
they form a large part of the routine workload of 
cardiac units. Patients with left main stem disease, 
previous coronary angioplasty or coronary bypass 
surgery, haemodynamically significant valve disease, 
or a systemic disease that will limit long term 
prognosis are all excluded from the study. 


Patient selection 


The coronary arteriograms of patients who may be 
eligible for the trial are reviewed by the participating 
cardiologist and cardiothoracic surgeon at each 
centre. The surgeon must be prepared to accept the 
patient for coronary artery surgery and the cardiolo- 
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gist must consider that the patient is suitable for 
coronary angioplasty. Before a patient can be ran- 
domised the investigators must jointly identify the 
major epicardial vessels that require treatment and 
must agree that equivalent revascularisation could be 
achieved by either treatment method. Thus the 
surgeon must prospectively state which vessels he 
intends to graft if the patient is randomised to surgery 
and the cardiologist must be prepared to attempt 
dilatation of all important stenoses in the same 
vessels. Coronary stenoses are regarded as important 
if there is a reduction in luminal diameter of at least 
70% in one angiographic view or a 50% reduction in 
two views. 

The trial does not require that all diseased vessels 
are treated, but the intention to achieve equivalent 
revascularisation by either treatment method may 
include totally occluded vessels. For instance, if a 
surgeon would graft the distal branches of a prox- 
imally occluded artery the cardiologist must be 
prepared to attempt to reopen the occlusion by 
coronary angioplasty. It is not necessary for angio- 
plasty to be attempted in a vessel with subclinical 
lesions even if the surgeon would graft the vessel 
during a surgical procedure. 


Stratification into groups with one, two, 
or three treatment vessels 


Patients are prospectively stratified into groups with 
one, two, or three vessels requiring treatment; 
patients with more than three treatment vessels are 
ineligible for randomisation. All treatment vessels 
must be judged to supply 20% or more of the left 
ventricular myocardium and have at least one sig- 
nificant stenosis. A large side branch may qualify asa 
separate treatment vessel, but small diseased side 
branches are not separate treatment vessels even if 
they would be grafted or dilated. 


Randomisation 


Randomisation is carried out via a dedicated tele- 
phone line at the coronary care unit of the Royal Free 
Hospital, London. Patients are randomly assigned to 
treatment by coronary angioplasty or coronary 
bypass surgery, with prospective stratification by 
centre and by one, two, or three treatment vessels. 
The date of randomisation marks the patient’s entry 
to the trial, and the assigned intervention procedure 
should be carried out a8 soon as possible. 


Intervention procedure 


Before joining the trial each participating centre was 
required to be performing substantial numbers of 
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coronary angioplasty procedures, including multi- 
vessel dilatation, with a high success rate and low 
mortality. During the trial angioplasty and surgery 
will only be performed by fully trained operators. 
Because the trial will reflect contemporary cardiac 
practice no attempt has been made to standardise 
operative methods between centres, 

In patients randomised to multivessel angioplasty 
some treatment vessels may not be successfully 
dilated at the first intervention procedure. Although 
the aim of intervention is to achieve equivalent 
revascularisation the decision to subject such 
patients to additional intervention procedures is to be 
based on clinical grounds. 


Data collection 


All data are recorded on specially prepared forms that 
are forwarded to the statistical centre and entered 
into a computerised data base. Baseline information 
recorded on all patients includes demographic data, 
cardiovascular risk factors, employment state, and 
physical activity level. Angina grade is assessed by 
the Canadian Cardiovascular Society Classification.® 
Quality of life is measured by the Nottingham Health 
Profile, which is a standardised questionnaire desig- 
ned to measure an individual’s perceived health.’ 
Symptom limited exercise treadmill tests are perfor- 
med according to the modified Bruce protocol,’ 
unless the test is contraindicated because of unstable 
angina or intercurrent illness. Left ventricular func- 
tion is assessed by gated radionuclide left ven- 
triculography, and although the method may vary 
between centres radionuclide scans in individual 
patients will be repeated at the same centre by the 
same method. The pre-intervention coronary 
arteriogram findings are documented and the treat- 
ment vessels are prospectively identified. 

During follow up patients are reviewed one, six, 
and twelve months after the intervention procedure 
and then two, three, four, and five years after the date 
of randomisation. In addition, patients are contacted 
every three months to confirm vital state and estab- 
lish the occurrence of new cardiovascular events. 


Trial events 


The major events to be recorded during the trial 
include death, myocardial infarction, and new angio- 
plasty or bypass graft procedures. All deaths and 
potential new myocardial infarcts will be indepen- 
dently assessed by a central review committee who 
are not aware of the patient’s assigned treatment. 
Although the cause of death will be independently 
established in each case, the main comparative results 


will be analysed by mortality from all causes. 

In addition to these major trial events a range of 
other outcome measures are recorded. At each follow 
up assessment, employment and symptom status and 
performance on an exercise treadmill are documen- 
ted. The radionuclide ejection fraction is measured 
one and six months after intervention, and the 
Nottingham Health Profile is repeated six months 
after intervention and two years after randomisation. 
Other cardiovascular events occurring during follow 
up, including stroke and hospital admission for 
unstable angina, are also recorded. In order to 
evaluate the cost effectiveness of the different treat- 
ment policies the duration of all hospital admissions, 
including admissions to high dependency units, and 
the details of all repeat coronary arteriograms and 
repeat intervention procedures are documented. 


Ethical considerations 


The trial protocol has received ethical approval from 
the hospital ethics committees of all participating 
centres. The nature of the trial is explained in detail 
to all patients who are required to sign a standardised 
consent form before randomisation. Patients are at 
liberty to withdraw from the study at any time, 
although they are encouraged to decline randomisa- 
tion unless they are prepared to proceed with the 
assigned intervention procedure. 


Statistical considerations 


It is intended that at least 1000 patients will be 
entered in the trial, the primary consideration being a 
reliable comparison of the rate of new myocardial 
infarction or death. If in five years there is a 20% 
incidence of this combined end point in one group, a 
trial of this size would have 80% power to detect a 
one third reduction in the incidence in the other 
group at the 5% significance level. Since the five year 
fatality rate will probably be lower than 20%, a trial 
of 1000 patients is likely to be too small to establish or 
refute that the treatments are equivalent for long 
term survival. However, 1000 patients will be suf- _ 
ficient to compare other end points such as symp- 
toms, quality of life, exercise performance, and 
ejection fraction. 


Trial organisation 


The Randomised Intervention Treatment of Angina 
Trial comprises fourteen participating centres and a 
complex management structure including a steering 
committee of investigators, an executive committee, 
an ethics committee, and a statistical centre. The 
steering committee has overall responsibility for the 
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conduct of the trial, but day to day management is 
supervised by the executive committee, which also 
monitors progress at each participating centre. The 
ethics committee is concerned with the welfare of the 
patients included in the trial, and is the only commit- 
tee to which the comparative trial results will be 
available while the trial is in progress. The statistical 
centre is responsible for the randomisation of 
patients, and is maintaining the randomised trial data 
and the coronary arteriogram register. Each par- 
ticipating centre has employed a research assistant 
(usually an experienced nurse) to supervise the trial 
procedures and organise local data collection. 


Conclusion 


The protocol for the Randomised Intervention 
Treatment of Angina Trial has been described. The 
purpose of the study is to compare coronary angio- 
plasty and coronary bypass surgery in suitable 
patients with coronary artery disease, and this can 
only reliably be achieved by a randomised clinical 
trial. Large multicentre clinical trials are difficult to 
conduct and require a multidisciplinary approach 
with cooperation across academic and clinical boun- 
daries. Nevertheless, the Randomised Intervention 
Treatment of Angina Trial addresses an important 
issue and the results are likely to have major implica- 
tions for the future management of patients with 
coronary artery disease. The results are also likely to 
influence allocation of resources for two expensive 
yet different methods of treatment. 


The RITA Trial Steering Committee gratefully 
acknowledges additional financial support received 
from Advanced Cardiovascular Systems (USA), 
Medtronic (UK), and Schneider (UK). 
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Changes in transmitral velocities with heart rate 


Sir, 
During a study of changes in afterload induced by the 
cold pressor test, Smith et al (1989;61:344—7) recog- 
nised a relation between heart rate and transmitral 
velocities derived from pulsed Doppler recordings. 
We specifically studied the relation between trans- 
mitral velocities and differing RR intervals during 
exercise and respiration in healthy men.’? We founda 
clear cut linear change in peak early transmitral 
velocity and late (active) transmitral velocity with 
increasing heart rate and decreasing RR interval. 
Early velocity increased on average by 16% when 
heart rate increased from 53 beats per minute to 94 
beats per minute but active velocity increased by 
89%. This led to a linear decrease in the ratio of peak 
early diastolic velocity to peak atrial velocity (E/A) 
(correlation coefficient r= —0-99). Similarly, with 
respiratory induced sinus arrhythmia, the E/A ratio 
cycled in the opposite direction to the RR interval, so 
that as the heart rate increased the ratio fell.” 
Doppler derived indices of left ventricular dias- 
tolic dysfunction that rely on transmitral velocities 
must take into account the relation with heart rate. 


K S Channer, 

Royal Hallamshire Hospital, 
Glossop Road, 

Sheffield S10 2JF. 


J V Jones, 


Bristol Royal Infirmary, 
Bristol BS2 8HW. 
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This letter was shown to the authors, who reply as 
foliows: 

Sir, 

We thank Dr Channer and Dr Jones for their letter 
and support of our observations on the influence of 


heart rate on Doppler measurements of transmitral 
flow velocity. 
When we examined the effect of a short term 


increase in blood pressure on transmitral velocities, . ., , 


we found that the ‘diatidn” of ‘thé RR interval” 
profoundly infiuenced the peak atrial velocity (A or 
active) and its relation with early filling (A/E ratio). 
The studies of Channer and Jones during exercise 
and respiration further confirm this relation.’? 

Other circulatory variables such`as preload that 
will be altered by exercise and respiration may also 
influence transmitral velocities. However, the studies 
of Channer and Jones suggest that nearly all of the 
change in A and A/E is dife to changes in heart rate.'? 
In several studies in which abnormal transmitral 
velocities were attributed to left ventricular diastolic 
dysfunction the effect of differences in heart rate were 
not taken into account.’ * 

We agree that when transmitral velocities are used 
as indices of left ventricular diastolic function that 
heart rate must be controlled or taken into account. 


P E Aylward, 

AE Russell, 

S A Smith, 

J M Sheppard, 

J E Stoner, 

Flinders Medical Centre,’ 
Bedford Park, 

South Australia 5042. 
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Notices 


British Cardiac Society 


The Annual General Meeting will take place in 
Torquay on 22 to 25 May 1990. 


Vascular disease 


The International Congress III: Lasers, Stents, and 
Interventions in Vascular Disease will take place in 
Scottsdale, Arizona on 11 to 16 February 1990. For 
further information contact Erika Scott, Inter- 
national Congress ITI, PO Box 10,000, Phoenix, AZ 
85064, USA. 


Cardiac ultrasound 


The 5th International Postgraduate Course on 
Advances in Cardiac Ultrasound will be held in 
Davos, Switzerland on 26 to 30 March 1990. For 
further information write to Professor J R T C 
Roelandt, Thoraxcenter, Erasmus University, 3000 
DR Rotterdam, The Netherlands. 


Restenosis after coronary angioplasty 


A one day international symposium on Restenosis 
after Coronary Angioplasty will be held in Leicester 
on 27 April 1990. Further details from Dr A H 


Gershlick, Department of Cardiology, Clinical 
Sciences Building, Glenfield General Hospital, 
Groby Road, Leicester LE3 9QP. 


Echocardiography and Doppler in cardiac 
surgery 


The Third International Symposium on Echo- 
cardiography and Doppler in Cardiac Surgery will 
take place in Vienna on 9 to 12 May 1990. For further 
information write to Interconvention, A-1450 
Vienna, Austria. 


Pacing and electrophysiology 


The 11th Annual Scientific Session of the North 
American Society of Pacing and Electrophysiology 
will be held in San Diego, California on 31 May to 2 
June 1990. For further information contact NASPE, 
13 Eaton Court, Wellesley Hills, MA 02181, USA. 


Ultrasound angiography 


An international conference on Ultrasound 
Angiography will be held at the University of 
London on 25 to 28 September 1990. Further details 
from The Conference Secretariat, PO Box 15, 
Eastleigh, Hampshire SO5 5XG. 
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Integration of ambulance staff trained in 
cardiopulmonary resuscitation with a medical team 
providing prehospital coronary care 


WAMcCREA, EHUNTER, C WILSON 
From Waveney Hospital, Ballymena, Northern Ireland 


SUMMARY Ambulance staff with advanced training in cardiopulmonary resuscitation and 
equipped with monitor/defibrillators were used as the initial responders to collapse calls within a 
medically based prehospital coronary care system. During 21 months, in a population of 
approximately 120 000, ambulance staff successfully resuscitated six patients from ventricular 
fibrillation; there were four long term survivors. The median response time of emergency 
ambulances to collapse calls was eight minutes compared with 20 minutes for the medically 
manned mobile coronary care unit. None of the patients resuscitated by ambulance staff would 
have survived if they had been dependent on the mobile coronary care unit acting alone. Nineteen 
other patients with important arrhythmias were referred for earlier medical management which in 
some cases may have saved lives. An additional eight long term survivors of out of hospital 


ventricular fibrillation were resuscitated by medical staff. 
The integration of paramedical with medical prehospital coronary care improved survival after 


out of hospital cardiac arrest. 


The beneficial effect of a medically manned mobile 
coronary care unit on community mortality from 
myocardial infarction in the Antrim and Ballymena 
district has already been reported.’ In addition, the 
results of equipping general practitioners in this 
district with portable defibrillators have been 
encouraging.?* However, cardiac arrest, often with- 
out warning symptoms, may occur when medical 
attention is not immediately available. Survival is 
critically dependent on prompt cardiopulmonary 
resuscitation and delivery of definitive care, in 
particular defibrillation.** The efficacy of a 
medically manned mobile unit in out of hospital 
cardiac arrest 1s limited by its operation from a single 
despatch centre and by the inevitable delay while the 
doctor and nurse are collected. Although general 
practitioners are usually closer to the patient they 
may not be immediately available or a bystander may 
initially telephone 999 for an emergency ambulance. 

There are obvious advantages in using emergency 
ambulance staff when a delay of a few minutes may be 
critical. In this district an ambulance can be 
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despatched from either of two stations situated 13 
miles apart or diverted from a less urgent call if itis in 
the vicinity of a collapsed patient. 

Ambulance staff trained in defibrillation tech- 
niques can successfully resuscitate patients from 
cardiac arrest outside hospital.’ However, the limited 
capability of paramedical workers to stabilise the 
patient’s haemodynamic state with appropriate drug 
treatment after successful defibrillation may con- 
tribute to the low long term survival rates in this 
group.”* Some predict that more complete stabilisa- 
tion by a skilled medical team after defibrillation and 
before transfer to hospital would improve the out- 
come.’° 

We decided to train emergency ambulance staff ta 
provide initial definitive resuscitation in patients 
with cardiac collapse and to back up this team with 
prompt support from the medical team on a mobile 
coronary care unit. 


Patients and methods 


Since 1966 the Antrim and Ballymena district, 
population 120 000, has been served by a medically 
staffed mobile coronary care unit operating from the 
Waveney Hospital coronary care unit," and in 1982 
general practitioners were provided with 
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Fig 1 Ballymena prehospital coronary care system. GP, 


general practitioner; MCCU, mobile coronary care umt 
(medically staffed). 


defibrillators. In July 1986 we initiated a voluntary 
two week cardiac training programme for ambulance 
staff. Volunteers were taken in groups of four. 
During the first week they had five 75 minute 
tutorials in basic cardiac anatomy and physiology, 
myocardial infarction, electrocardiographic inter- 
pretation of cardiac rhythm and arrhythmias, and the 
use of a Hewlett-Packard monitor/defibrillator type 
43120A. They practised resuscitation and defibrilla- 
tion techniques on a training mannequin with cardiac 
arrhythmia simulator (Laerdal Arrhythmia Anne 
IV). Subsequently the pairs of trainees spent a week 
on the coronary care unit watching the emergency 
management of myocardial infarction, with emphasis 
on electrocardiographic monitoring and arrhythmia 
recognition. They were encouraged to use a 
defibrillator when the opportunity arose. They were 
also taught to measure systolic blood pressure by 
radial pulse palpation with an aneroid sphygmo- 
manometer. 

When they arrived at a collapsed patient they were 
advised to define the cardiac rhythm as quickly as 
possible. If ventricular fibrillation was present, 
defibrillation was applied immediately and the 
mobile coronary care unit was summoned. An initial 
direct current shock of 200 J was delivered followed 
if necessary by further shocks of 360 J. Additional 
resuscitative measures were continued as required 
until medical support arrived. If the initial rhythm 
was agonal with electromechanical dissociation or 
asystole, resuscitation was not attempted; a rhythm 
strip was recorded for documentation and the mobile 
coronary care unit was not activated. Other arrhyth- 
mias were observed, recorded, and assessed and if a 
coronary event was suspected the mobile unit was 
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summoned. The systolic blood pressure was recor- 
ded when possible and oxygen with or without 
nitrous oxide was administered if chest pain or 
dyspnoea was present. 

On completion of the training course each trainee 
underwent an oral and practical examination by a 
panel comprising the authors and a second senior 
ambulance officer. A high level of accuracy and 
expertise was demanded and by 1 October 1986, 18 
out of 20 volunteers from a total of 28 emergency 
ambulance personnel employed in the district 
achieved the required standard. All seven emergency 
ambulances were then equipped with Hewlett-Pack- 
ard 43120A monitor/defibrillator units and the duty 
rosters were arranged so that at least one person in the 
crew of two had been trained in cardiopulmonary 
resuscitation. Every two months trained staff 
attended a one hour refresher course. 

We have now a comprehensive system for 
prehospital coronary care (fig 1). People with chest 
pain usually summon their general practitioners but, 
if they are not available the mobile coronary care unit 
may be requested directly via the 999 system. In the 
event of a patient’s sudden collapse the general 
practitioner may be able to attend promptly, or 
alternatively a 999 call alerts the nearest emergency 
ambulance. When necessary the mobile coronary 
care unit attends as quickly as possible to stabilise the 
patient’s cardiac rhythm and haemodynamic state 
before transfer to hospital. 


Results 


During the first 21 months of this scheme 116 
patients with cardiac arrest were attended by the 
emergency ambulance crews (table 1). In 43 patients 
the cardiac rhythm was not recorded because they 
were obviously beyond resuscitation and these 
individuals were classified as dead on arrival. 
Ventricular fibrillation was the initial documented 
rhythm in 18 patients of whom six (33%) had 
received bystander cardiopulmonary resuscitation 
compared with 13 (24%) of the 55 in whom there was 
asystole or agonal rhythm. Defibrillation was 
attempted in all patients with ventricular fibrillation; 
when the mobile coronary care unit arrived six had a 





Table 1 Cardiac arrests attended by emergency ambulance 

staff 

Dead—rhythm not documented 43 

Asystole 29 

Agonal rhythm 26 

Ventricular fibrillation: 18 
Survived to medical care 6 
D alive 4 





Ambulance staff trained in cardiopulmonary resuscitation 
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Fig2 Response of emergency ambulances to 109 patients 
with cardiac arrest (response times not recorded for seven 
patients) compared with the response of the medically staffed 
mobile coronary care unit (MCCU) to 100 consecutive 
cardiac emergencies. The number of patients 1s shown. 


cardiac output—four of them were in sinus rhythm, 
one had atrial fibrillation, and one had nodal rhythm. 
One patient died of cardiogenic shock before transfer 
to hospital and another, who had an acute anterior 
myocardial infarction, died from cardiac rupture 
three days after admission to hospital. Of the four 
patients who survived to discharge two men, aged 40 
and 57, had acute transmural myocardial infarction 
and two, a 66 year old man and a 73 year old woman, 
had neither electrocardiographic nor biochemical 
evidence of acute myocardial necrosis but both had 
previous infarction. None of the survivors had 
appreciable persistent cerebral impairment. 

The median response time from receipt of a 
collapse call to the arrival of the emergency 
ambulance at the scene was eight minutes compared 
with the mobile coronary care unit’s median response 
time of 20 minutes for 100 consecutive calls 
documented during this study (fig 2). For the 18 
cases of ventricular fibrillation the mean response 
time for the emergency ambulance was eight (range 


Table2 Arrhkythrmas documented by ambulance staff n 
patients without cardiac arrest 


Ventricular tachycardia 

Ron T ventri extrasystoles 
Supraventricular tachycardia 
Complete heart block 

Atrial fibrillarion 

Smus bradycardia 

Benign ventricular extra systoles 
First degree heart block 
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1~16) minutes while the mean response time for the 
mobile coronary care unit to these patients after they 
were summoned by the emergency ambulance was 18 
(range 6-30) minutes. An additional 78 arrhythmias 
were documented by the emergency ambulance 
crews in patients without cardiac arrest (table 2). Asa 
result, at least 19 people with haemodynamically 
important or possibly life threatening arrhythmias 
(ventricular tachycardia, R on T ventricular 
extrasystoles, supraventricular tachycardia, and 
complete heart block) received appropriate 
therapeutic intervention earlier. 

During this study, 21 of those patients who 
presented with cardiac pain and who were initially 
attended in the usual way by general practitioners 
and/or the medically manned mobile coronary care 
unit developed ventricular fibrillation outside 
hospital and were defibrillated by general practition- 
ers (six patients) or by the mobile unit team (15 
patients). Eight of these 21 patients survived to reach 
hospital and all eight were discharged alive. 

Therefore, within our overall prehospital coronary 
care scheme, 39 patients were treated for out of 
hospital ventricular fibrillation, 13 (33%) survived to 
reach hospital and 12 (31%) were discharged alive. 


Discussion 


This study shows the benefit of using ambulance 
staff trained in cardiopulmonary resuscitation in 
addition to established medically based prehospital 
coronary care. The response times of the emergency 
ambulances and the mobile coronary care unit show 
that the patients resuscitated from ventricular 
fibrillation by emergency ambulance crews would 
not have survived if they had been dependent on the 
mobile coronary care unit acting alone. The greater 
success rate achieved by general practitioners and the 
mobile coronary care unit reflects the fact that most 
of these cardiac arrests occurred in their presence so 
that defibrillation could usually be applied 
immediately, while all patients defibrillated by 
emergency ambulance crews had been in ventricular 
fibrillation for several minutes. The high recorded 
incidence of asystole and agonal rhythm also reflects 
the length of time that had elapsed from the onset of 
cardiac arrest in many patients, because ventricular 
fibrillation rapidly deteriorates to these terminal 
rhythms if no action is taken. The ability of the 
ambulance crews to recognise arrhythmias other than 
those associated with cardiac arrest resulted in earlier 
referral of many patients for possibly life saving 
medical treatment. 

In view of the catchment population the results 
achieved by our prehospital coronary care scheme 
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compare favourably with those reported else- 
where.®°? Prehospital coronary care schemes 
dependent on paramedical staff acting alone reported 
survival rates of 36% to 63% for patients admitted 
after out of hospital resuscitation.”?'? Our high 
survival rate for patients admitted to the coronary 
care unit after out of hospital resuscitation (12 of 13) 
indicates the benefits of prompt stabilisation of the 
patient’s condition by a skilled medical team before 
transfer to hospital. 

The two week training course for the ambulance 
staff is similar to those described by Rowley et al 
and Jakobsson et al.” When skilled medical support 
is rapidly available training ambulance staff in the 
administration of parenteral drugs and intubation 
would yield only marginal, if any, benefit and would 
increase the cost of the programme by prolonging the 
training period. 

In Seattle it has been found that after a few years 
the percentage of patients resuscitated from ven- 
tricular fibrillation outside hospital tends to plateau, 
mainly because of the delay in initiating basic life 
support and defibrillation.®* A community training 
programme in cardiopulmonary resuscitation im- 
proves the efficacy of prehospital coronary care.‘ In 
this study those patients whose initial documented 
rhythm was ventricular fibrillation were more likely 
to have received cardiopulmonary resuscitation in- 
itiated by a bystander than those whose rhythm was 
asystolic or agonal, which suggests that bystander 
cardiopulmonary resuscitation may have maintained 
some individuals in a condition amenable to resusci- 
tation. However, only 17% of our cardiac arrest 
victims received cardiopulmonary resuscitation from 
bystanders compared with 40% ın Seattle where at 
least 370 000 citizens have taken part in a community 
training programme.’ Because cardiopulmonary 
resuscitation traming is time consuming and at least 
half of the victims of out of hospital cardiac arrest 
have known coronary heart disease,” it may be 
more rewarding to target relatives of cardiac patients 
for training. Consequently we now offer training in 
basic life support to relatives of our cardiac inpatients 
and we expect this policy to yield increasing 
dividends in the future. 


We thank the staff on the emergency ambulances and 
ambulance controllers for their willing co-operation, 
enthusiasm, and dedication, also the coronary care 
unit nursing staff and physiologicl measurement 
technicians for their invaluable help in the training 
programme. 
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Haemorrheological abnormalities in unstable angina 
pectoris: a relation independent of risk factor profile 
and angiographic severity 


FRANZ-JOSEF NEUMANN, HARALD TILLMANNS, PETER ROEBRUCK,* 
RAINER ZIMMERMANN, HEIDE-MARLEN HAUPT, WOLFGANG KUBLER 
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Informatik, Ruprecht-Karls Universitat Heidelberg, Heidelberg, Federal Republic of Germany 


SUMMARY Plasma viscosity, photometric erythrocyte aggregation index, and erythrocyte filter- 
ability were measured in 194 patients with coronary artery disease. Patients with unstable angina 
(n= 64) had a higher plasma viscosity and photometric erythrocyte aggregation index than patients 
with stable angina (95% confidence intervals for the mean difference: 0-052-0-100 mPa:s for 
plasma viscosity, and 43°%—72% for the photometric erythrocyte aggregation index). Multiple 
regression with fibrinogen, cholesterol, high density lipoprotein cholesterol, triglycerides, blood 
pressure, smoking habits, coronary artery score, and left ventricular ejection fraction as 
independent variables showed a significant partial correlation between fibrinogen and the 
photometric erythrocyte aggregation index (r7=0-20) and plasma viscosity (r7=0-09), between 
triglycerides and plasma viscosity (r°=0-05), and between aortic pressure and erythrocyte 
filterability (r?>= 0-03). Logistic regression for unstable/stable angina with the haemorrheological 
variables as independent variables correctly identified 72% of the patients with stable angina and 
78% of those with unstable angina. Inclusion of all the variables investigated did not substantially 
improve the discriminative potential of the logistic regression model. 

Unstable angina is associated with an impairment of blood fluidity that is essentially 


independent of risk factor profile and angiographic data. 


There is still uncertainty on the implications of blood 
fluidity for symptoms and prognosis in ischaemic 
heart disease. Experimental data indicate that the 
physical properties of blood are major determinants 
of blood flow in the capillaries'* and of oxygen 
transport.’ The severity and extent of myocardial 
ischaemia produced by a given degree of coronary 
artery stendsis can be modified by haemorrheological 
alterations. Various studies have been designed to 
detect haemorrheological abnormalities in chronic 
coronary artery disease*® and in acute myocardial 
infarction.’°"' The abnormalities described, how- 
ever, eee be secondary phenomena. In acute myo- 

cardial infarction, the haemorrheological abnormal- 
ities can be explained by the acute phase response 
induced by necrosis.” In chronic coronary artery 
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disease the haemorrheological alteranons can be 
attributed to changes in risk factor profile’*™ or in 
the extent of coronary atherosclerosis.° 

We investigated whether there is a relation be- 
tween unstable angina pectoris and haemorrheo- 
logical abnormalities in chronic coronary artery 
disease that is independent of the extent of coronary 
atherosclerosis, left ventricular function, and risk 
factor profile. 


Patients and methods 


PATIENT SELECTION 

Patients undergoing coronary angiography for sus- 
pected coronary artery disease were eligible for the 
study. Exclusion criteria were: (a) interfering non- 
cardiac diseases—that is, anaemia, infection, carcin- 
oma, collagen diseases, diabetes mellitus, thyrotox- 
icosis; (6) cardiac diseases other than coronary artery 
disease (for example dilated or hypertrophic car- 
diomyopathy and valvar heart disease, except for 
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minor mitral regurgitation); (c) overt right or left 
ventricular failure; (d) absence of significant coron- 
ary artery disease—that 1s lack of stenoses causing > 
50% narrowing in luminal diameter; (e) previous 
coronary artery bypass surgery or percutaneous 
transluminal coronary angioplasty; (f) myocardial 
infarction within the three months preceding the 
study; (g) myocardial infarction evolving within 8 
hours after withdrawal of blood for haemor- 
theological investigation. All patients in whom 
serum concentrations of creatine kinase increased 
with a concomitant rise in the concentration of the 
MB isoenzyme were assumed to have evolving 
myocardial infarction. Furthermore, patients with 
ST segment elevation of > 0-1 mV ın at least one lead 
lasting for > 30 minutes as well as those with 
intractable angina were excluded from the study 
because of suspected myocardial infarction. Accord- 
ing to these criteria, 197 consecutive patients were 
included in the study. Three of them were sub- 
sequently excluded because of evolving myocardial 
infarction. 

The study population was subdivided into two 
groups: patients with stable angina (group 1) and 
those with unstable angina (group 2). Unstable 
angina was defined by the presence of at least one of 
the following features: (a) angina of recent onset— 
that is within six weeks or less, brought on by 
minimal exertion; (b) crescendo angina—that is more 
severe, prolonged, or more frequent anginal attacks, 
superimposed on chronic effort angina; (c) angina at 
rest lasting for at least 15 minutes. 

The study protocol did not affect the medical 
treatment of the patients or early intervention in 
patients with unstable angina. The study was 
approved by the local ethics committee. 

The control group consisted of 50 healthy volun- 
teers (42 men and eight women, mean (SD) age 49-1 
(5-8) years). 


RISK FACTOR PROFILE 

The risk factor profile was determined at entry into 
the study. Blood pressure was taken as the mean from 
three measurements (Riva-Rocci) on admission to 
hospital, according to the formula: mean blood 
pressure = (systolic blood pressure + 2 x diastolic 
blood pressure)/3. Serum lipid concentrations were 
measured after a 12 hour overnight fast. Serum 
triglycerides and cholesterol were assayed 
enzymatically (Boehringer Mannheim, Mannheim, 
Federal Republic of Germany, triglyceride kit No 
297771, cholesterol kit No 237574). High density 
lipoprotein cholesterol was determined after 
ultracentrifugation and microprecipitation.’” 
Patients were classified as smokers, ex-smokers, and 
non-smokers. Ex-smokers included all patients who 
had given up smoking for more than 42 days and less 
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than five years. Patients who had given up smoking 
for more than five years were regarded as non- 
smokers. 


ANGIOGRAPHIC EVALUATION 

Coronary angiography was performed by the Judkins 
technique.” Multiple views, including angulated 
views, were obtained of both coronary arteries. The 
angiograms were reviewed independently by two 
experienced cardiologists who were unaware of the 
haemorrheological results. The luminal reduction 
was visually estimated on the angiographic view 
showing the most severe stenosis. All stenoses with 
an estimated luminal reduction of at least 25% were 
scored, except for those in hypoplastic segments or 
those in segments distal to total occlusions or severe 
stenoses in which contrast filling was inadequate. 
The score for each lesion was based on the estimated 
luminal reduction as follows: < 25-50%; < 50- 
75%; < 75-90%; lumen almost totally obliterated 
but still showing anterograde flow; total occlusion. 
The total coronary score was obtained by taking the 
sum of the scores of each lesion. For calculation of left 
ventricular ejection fraction, end diastolic volume 
and end systolic volume were derived from left 
ventricular cineangiogram in the 30° right anterior 
oblique view. Both ventricular volumes were deter- 
mined from a beat in one of the four normal cardiac 
cycles after a normally conducted beat. 


HAEMORRHEOLOGICAL ANALYSIS 

Blood for haemorrheological investigations was 
taken from the antecubital vein without a tourniquet. 
Edetic acid was used as anticoagulant. All samples 
were obtained in the morning before coronary 
angiography. The haematocrit was determined by 
the microhaematocrit method (13000 x g for 5 
minutes), and plasma viscosity by capillary vis- 
cometry (Coulter-Harkness viscometer”). Erythro- 
cyte aggregation was analysed photometrically at an 
adjusted haematocrit of 35 (1) % with the mini- 
aggregometer (Myrenne, Roetgen, Federal Republic 
of Germany).”” The integral of the photovoltage 
curve in stasis for the first ten seconds after mixing 
was taken as a measure of erythrocyte aggregation. 
The readings were normalised to the mean value of 
the control group to obtain the photometric 
erythrocyte aggregation index. Erythrocyte defor- 
mability was determined by a filtration method™** 
(MF4-Filtrometer, Myrenne, Roetgen, Federal 
Republic of Germany). Calibrated metal microsieves 
with pores of 4-3 zm in diameter and 12 ym in length 
were used (Myrenne, Roetgen). After removal of the 
buffy coat, erythrocytes were suspended in buffer 
(sodium chloride 137 mmol/l, potassium chloride 4 
mmol/l, calcium chloride 1-8 mmol/l, sodium phos- 
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phate 0-8 mmol/l, sodium acid phosphate 0 2 mmol/l, 
magnesium sulphate 0:7 mmol/l, glucose 5:5 mmol/l, 
HEPES 8-4 mmol/l, human albumin 1 g/1). Residual 
leucocytes were removed by filtering the suspension 
through Imugard wool (Terumo, Tokyo, Japan). In 
all instances, leucocyte counts were < 15/ul. The 
haematocrit of the suspension was adjusted to 8%. 
Erythrocyte deformability was measured (in relation 
to buffer alone) as passage through the microsieve of 
the erythrocyte suspension at 200 Pa filtration 
pressure.” Plasma concentrations of fibrinogen were 
measured by the method of Clauss.” 


STATISTICAL ANALYSIS 

If not indicated otherwise results are expressed as 
mean (SD). For the comparison of two groups, 
continuous variables were tested by the Mann- 
Whitney-Wilcoxon rank sum test, and the 95% 
confidence intervals for differences between means 
were calculated assuming a normal distribution. 
Frequencies were compared by the 7’ test. 

The possible influence of risk factor profile and 
angiographic findings on haemorrheological vari- 
ables was analysed by multiple linear regression. 
(Smoking habits were coded as 1 for non-smokers, 
2 for ex-smokers, and 3 for smokers). The multiple 
coefficient of determination resulting from least 
squares estimation of the models is the part of the 
variability of the respective dependent variable 
(haemorrheological variable) that is attributable to 
the independent variables in the model. The con- 
tributions of single factors to the model were judged 
by significance tests of the respective regression 
coefficients. 

The diagnostic value of several sets of variables for 
stable/unstable angina was analysed by logistic 
regression, which models the probability p of un- 
stable angina as In (p/(I1—p))= Z $x, The x, are the 
independent predictor variables of the model 
(including a constant term), and the respective 
coefficients f, are estimated from the data by maxi- 
mum likelihood methods. Predictor variables were 
eliminated by stepwise variable selection if their 
influence was negligible in relation to the other 
variables. We used the estimated models to measure 

. the probability of unstable angina for each individual 
member of the sample (p). Patients were reclassified 
as having stable or unstable angina, depending on 
whether p was greater or smaller than some suitable 
chosen cut off point. The proportion of correctly 
reclassified patients is a measure of the diagnostic 
reliability of the predictor variables (slightly over- 
estimated). 

Both types of analysis could only be performed 
when a complete set of variables was known for each 
patient; thus some cases with missing values were 


423 


omitted. Values for left ventricular ejection fraction 
were missing in 36 cases (because of frequent extra- 
systoles during cineangiography), for high density 
lipoprotein cholesterol in seven patients, and for 
fasting concentrations of all lipids in 14 patients. 


Results 


CHARACTERISTICS OF THE STUDY POPULATION 
Table 1 compares the clinical characteristics of 
patients with stable angina (group 1) with those of 
patients with unstable angina (group 2). There were 
no significant differences between both groups in 
terms of age, sex distribution, smoking habits, 
arterial blood pressure, serum concentrations of 
triglyceride, and left ventricular ejection fraction. 
However, the mean coronary score was significantly 
higher in group 2 than in group 1; and more patients 
in group 2 had more vessels affected. Likewise, 
serum cholesterol levels were significantly higher 
and serum concentrations of high density lipoprotein 
cholesterol were significantly lower in group 2 than 
in group 1. Drug treatment in the two study groups 
differed considerably (table 2). In group 2 a larger 
proportion of patients was treated with £ blocking 
agents and nitrates than in group 1. Furthermore, 
most of the patients with unstable angina were taking 
aspirin, while most of the patients with stable angina 
were not taking antiplatelet drugs. 


HAEMORRHEOLOGICAL DATA (FIG 1) 
Plasma viscosity (p < 0-001) (fig 1 b), photometric 





Table 1 Characteristics (mean (SD) } of the study 
population 
Group I Group 2 
Variable (n = 130) (n = 64) Significance 
Age 54 6 (7 6) 52 7 (6 9) NS 
Males n= 108(82%) n= 52(81%) NS 
Systolic BP 
(mm Hg) 134 (18) 129 (16) NS 
Diastolic BP 
(mm Hg) 84 (12) 83 (11) NS 
Triglycerides 
(mg/dl) 207 (141) 212 (153) NS 
Cholesterol 
(mg/dl) 240 (50) 259 (58) p< 005 
HDL-cholesterol 
(mg/dl) 39 (13) 35 (13) < 005 
Smoking habits: S 
Smokers n = 46 (35%) n= 17 (27%) 
Ex-smokers n= 38(24%) n= 20(31%) 
Non-smokers n = 47(36%) n = 23(36%) 
Number of 
diseased vessels. p < 0001 
1 n = 74(57%) n= 17(27%) 
2 n = 31 (24%) n = 25 (39% 
3 n = 26 (20%) n = 22 (34% 
Coro: score 7:1(5 3) 87(5 5) <001 
LV-EF (%) 58 (20) 54 (22) S 
Group 1, patients with stable angina; group 2, panents with 


unstable angina; BP, blood pressure; LV-EF, left ventricular 
ejection fraction. 
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Fig 1 Haemorrheological variable (a—c) and plasma fibrinogen concentration (d) in stable (group 1) and tn unstable angina 
pectoris (group 2). The means for each group are shown as numerical values and are indicated graphically by horizontal lines. 
The hatched area represents mean + standard dewnation of normal controls. The level of significance for the difference in 
means between a study group and the control group 1s indicated *p < 0-05; **p < 0-001. C,,, relative conductance of the 
mucrosieve at 200 Pa; CI, 95% confidence interval for the difference m means between group Í and 2; PAI, photometric 
erythrocyte aggregation index. 
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Table 2 Drug treatment in the study population (number 
(%)) 





Group 1 Group 2 

Treatment (n = 130) (n = 64) 
B Blocking agents 113 (86) 62 (97) <005 
Calcium antagonists 94 (72) 47 (73) S 
Nitrates: px00l 

Long acung oral 101 (77) 52 (81) 

Intravenous o (0) 9 (14) 
Aspinn 14 (11) 62 (97) p<0001 





Group 1, panents with stable angina, group 2, patients with 
unmable angna. 


erythrocyte aggregation indices (p < 0-001) (fig 1 a), 
and fibrinogen concentrations (p < 0-001) (fig 1 d) 
were significantly higher in patients with unstable 
angina than in patients with stable angina. The 
. differences between the'sample means in stable and 
unstable angina were 0-060 mPa-s (95% CI 0-052- 
0-100 mPa:s) for plasma viscosity, 59% with a 95% 
confidence interval from 43% to 72% for the 
photometric erythrocyte aggregation index, and 0-60 
g/l with a 95% confidence interval from 0-34 g/l to 
0:86 g/l for fibrinogen. There was no significant 
difference in haematocrit or erythrocyte filterability 
(fig 1 c) between the two study groups. In both study 
groups, mean plasma viscosity and mean photo- 
metric aggregation index were significantly higher 
than in the controls, while mean erythrocyte filter- 
ability was significantly diminished. Fibrinogen con- 
centrations were significantly increased only in 
patients with unstable angina. Haematocrit was not 
different in the three groups. 


RELATION OF RISK FACTOR PROFILE AND 
ANGIOGRAPHIC DATA TO HAEMORRHEOLOGICAL 
VARIABLES 

Multiple linear regression (table 3) showed that the 


Table 3 Multiple linear regression 


Dependent variable 
Viscosity: r? = 0-238 


Independent variable 
Parnalr? p 
Fibrinogen 009 ool 
Triglycerides 005 oo! 
lesterol 000 0-81 
High density lıpoprotem cholesterol 001 0-19 
Mean blood pressure 000 0-63 
Smoking habits 00l 0-35 
Coronary score 002 009 
Ejection fraction 0-01 020 


r’, coefficient of determination for the model containing all mdependent variables; partial 1’, 
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risk factor profile (mean aortic pressure, smoking 
habits, serum triglycerides, cholesterol, high density 
lipoprotein cholesterol, and plasma fibrinogen) and 
angiographic data (coronary score, left ventricular 
ejection fraction) accounted for 24% of the 
variability in plasma viscosity, for 32% of the 
variability in photometric erythrocyte aggregation 
index, and for 7% of the variability in erythrocyte 
filterability. The only variables that significantly 
influenced haemorrheological variables were: fibrin- 
ogen which affected plasma viscosity and the 
photometric erythrocyte aggregation index; to a 
minor extent triglycerides, which affected plasma 
viscosity; and mean aortic pressure, which affected 


erythrocyte filterability. 


LOGISTIC REGRESSION 

We analysed three models of stepwise logistic regres- 
sion with unstable angina as the dependent variable. 
The first model included the haemorrheological 
variables (plasma viscosity, photometric erythrocyte 
aggregation index, erythrocyte filterability, fibrin- 
ogen level) as independent variables. Fibrinogen was 
eliminated because it had a negligible additional 
influence. Figure 2 shows the discrimination be- 
tween stable and unstable angina achieved by the first 
model. Maximal discrimination for recognising un- 
stable angina gave a sensitivity of 78-1% (50/64) and 
a specificity of 72-3% (94/130). This was accom- 
plished with a cut off point of 0-31 for the estimated 
probability of unstable angina. Calculation of the 
same model in which we considered only cases with 
complete data for risk factors and angiographic 
variables gave similar results—at a cut off point of 
0-31 the sensitivity for unstable angina was 76:6% 
(36/47) and the specificity was 75-3% (73/97). Again 
fibrinogen provided no significant information in 
addition to the other variables in the model. 


PAI: r° = 0315 Ca: r? = 0074 

Parnalr? p Parnalr? p 

020 001 003 006 
000 063 000 094 
001 014 001 022 
001 0-10 001 039 
0-01 0 24 003 0 04 
000 0-61 000 067 
0-00 061 0.00 0-54 
001 0-10 000 0-59 


partial coefficient of determination for the 


model containing all independent variables; C_,, relative conductance of the microsieve at 200 Pa; PAI, photometric aggregation index. 
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Fig2 Results of the stepwise logistic regression for unstable 
angina with plasma viscosity, photometric erythrocyte 
aggregation index, erythrocyte filterability, and fibrinogen 
concentration as independent variables (after elumination of 
fibrinogen concentration). (a) Predicted probabilities of 
unstable angina for group 1 (stable angina). (b) Predicted 
probabilities of unstable angina for group 2 (unstable 
angina). 


The second model included the haemorrheological 
variables in the first model as well as risk factors 
(mean aortic pressure; smoking habits; and plasma 
concentrations of triglycerides, cholesterol, and high 
density lipoprotein cholesterol) and angiographic 
variables (coronary score, left ventricular ejection 
fraction) as independent variables. Smoking habits, 
fibrinogen concentrations, and lipid concentrations 
were eliminated from the model because their ad- 
ditional influence was neghgible. Discrimination was 
greatest at a cut off point of 0-31 for the estimated 
probability of unstable angina (sensitivity 78:7% 
(37/47) and specificity of 76:3% (74/97). 

The third model included risk factors and angio- 
graphic data as independent variables. The following 
variables were eliminated because they made an 
insignificant additional contribution to the regres- 
sion: triglycerides, high density lipoprotein choles- 
terol, smoking habits, and left ventricular ejection 
fraction. Discrimination was greatest at a cut off 
point of 0-31 for the estimated probability of unstable 
angina—with a sensitivity of 63 8% (30/47) and a 
specificity of 63:9% (62/97). 


Discussion 


This study is the first to show a relation between 
impaired blood fluidity and the clinical manifestation 
of coronary artery disease, independent of the extent 
of coronary atherosclerosis, left ventricular function, 
and risk factor profile. 


HAEMORRHEOLOGICAL ALTERATIONS 
Chronic coronary artery disease is associated with 


changes ın plasma viscosity, erythrocyte aggregation, 
and erythrocyte filterability that impair blood 
fluidity. Plasma viscosity and erythrocyte aggrega- 
tion were higher in unstable angina than in stable 
angina. These haemorrheological abnormalities can 
be used to predict unstable angina: 78:1% of the 
patients with unstable angina were correctly iden- 
tified by a logistic regression model that included 
plasma viscosity, erythrocyte aggregation, and 
erythrocyte filterability. 


RELATION TO RISK FACTOR PROFILE AND 
ANGIOGRAPHIC DATA 

The relation between haemorrheological variables 
and unstable angina was independent of differences 
in risk profile and angiographic data between the 
groups with unstable and stable angina. This con- 
clusion is supported by two lines of evidence. Firstly, 
the accuracy of the logistic regression model for 
unstable angina that included risk factors and 
angiographic data improved when the haemorrheo- 
logical variables were added, whereas the accuracy of 
the model with haemorrheological variables was not 
significantly improved by the inclusion of risk factors 
and angiographic data. Secondly, risk factors and 
angiographic variables had little influence on 
multiple linear regression for the haemorrheological 
variables; and most of this influence was attributable 
to fibrinogen. The logistic regression model includ- 
ing haemorrheological variables and fibrinogen, 
however, did not improve the discrimination be- 
tween stable and unstable angina as compared with a 
regression model including just the haemorrheo- 
logical variables. The same was true for triglycerides, 
one of the two other variables with a significant 
influence on one of the haemorrheological variables. 
The second, mean blood pressure, was retained in the 
logistic regression model. None the less, mean blood 
pressure accounted for only 3% of the variability in 
erythrocyte filterability and was not significantly 
related to plasma viscosity or red cell aggregation. 


INFLUENCE OF THE METHOD 

Apparent whole blood viscosity as a function of shear 
has been widely used in previous studies; the 
advantage of this approach is that it assesses the 
combined rheological effects of all blood 
constituents. Apparent whole blood viscosity as it is 
measured in rotational viscometers, however, only 
reflects the blood flow behaviour in large con- 
ductance vessels, which contribute little to vascular 
resistance.” Furthermore, at low shear stresses the 
results of apparent whole blood viscosity may be 
erroneous because of considerable artefacts caused 
by phase separation within the viscometer.” ” For 
these reasons, in the present study we analysed the 
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Haemorrheological abnormalities in unstable angina pectoris 


haemorrheological factors that directly interfere with 
flow in the microcirculation.” * Among these factors 
those of major importance are systemic haematocrit, 
plasma viscosity, erythrocyte aggregation, and ery- 
throcyte deformability.” ** 

Drug treatment was not standardised in the 
present study; hence, antianginal treatment was 
intensified with increasing clinical severity of the 
disease. In various studies, nitrates,” calcium 
antagonists,” ” and f blocking agents” were found 
to have no effect or even a beneficial effect on blood 
fluidity. Similarly, aspirin had no effect on 
erythrocyte deformability and whole blood 
viscosity.” Thus the haemorrheological alterations 
seen in patients with stable and unstable angina 
cannot be attributed to drug treatment. 

Several groups described fibrinogen as an 
important haemorrheological variable because of 
its influence on plasma viscosity and, in particular, 
on erythrocyte aggregation.°** Furthermore, 
fibrinogen was identified as a cardiovascular risk 
factor." In the present study fibrinogen was, 
therefore, treated as a cardiovascular risk factor in the 
multiple linear regression, in order to assess the 
interrelated influence of the various risk factors on 
the haemorrheological variables. Because the relation 
between unstable angina and raised values for 
haemorrheological variables might only be caused by 
increased fibrinogen concentrations, fibrinogen was 
included in the logistic regression analysis as well as 
the haemorrheological variables. 


PATHOGENBTIC IMPLICATIONS 

Unstable angina is associated with changes in blood 
properties affecting not only coagulability* and 
platelet function,® but also blood fluidity, as shown 
in the present study. Secondary effects caused by 
changes in risk factor profile, angiographic severity 
of coronary artery narrowing, or left ventricular 
function are excluded by the present study. 

Never the less, the present study does not resolve 
the principal question, which is “are the 
haemorrheological changes associated with unstable 
angina a cause or an effect of the disease”? The 
haemorrheological changes in patients with unstable 
angina may be partly related to an acute phas 
response???“ caused by ischaemic myocardial 
injury. Fibrinogen, one of the acute phase 
reactants, is known to enhance plasma viscosity 
and, in particular, erythrocyte aggregation.” ” In the 
present study, only 9% of the variability in plasma 
viscosity and only 20% of the variability in 
erythrocyte aggregation were attributed to changes 
in fibrinogen concentration. Furthermore, multiple 
logistic regression showed that the relation between 
plasma viscosity and erythrocyte aggregation and 
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unstable angina was much closer than that with 
fibrinogen concentration. The haemorrheological 
alterations, therefore, could have a direct impact on 
unstable angina. Patients with unfavourably altered 
haemorrheological variables might be at increased 
risk of developing unstable angina superimposed on 
the stable course of the disease. This view is 
supported by experimental data showing that at low 
perfusion pressures, as in the post-stenotic areas, a 
rise in blood viscosity further curtails capillary 
perfusion.* The haemorrheological abnormalities in 
unstable angina may, therefore, further impede flow 
of nutrients in the post-stenotic myocardial 
microcirculation. 7 


The study was supported by a grant from the 
Wilhelm Sander-Stiftung, Munich, Federal 
Republic of Germany. 
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Estimation of the risk of death during the first year 
after acute myocardial infarction from systolic time 
intervals during the first week 


BJ NORTHOVER 
From the Leicester Royal Infirmary, Leicester 


SUMMARY Patients who survived for the first seven days after acute myocardial infarction were 
followed up for a further 51 weeks. During these 51 weeks there were 123 deaths and 477 eventual 
survivors. Approximately half of the deaths occurred during the first 3 weeks of follow up. The 
deaths were predicted with 75% sensitivity and 73% specificity by a discriminant analysis based 
upon six variables seen during the first 7 days; predictions of death and survival were 55% and 92% 
accurate respectively. These six variables were, in ascending order of prognostic importance, the 
occurrence of bundle branch blocks, the administration of a diuretic, the age of the patient, the 
presence of diabetes mellitus, a previous myocardial infarction, and the ratio of the measured left 
ventricular pre-ejection and ejection periods. Many other monitored variables, although 
univariately associated with death, contributed nothing further to the multivariate assessment of 


mortality risk. 


Most deaths from myocardial infarction occur within 
the first few days. Nevertheless, patients who survive 
for a week in hospital remain at increased risk of 
death, albeit diminishing risk, for several months 
thereafter.'? Many such delayed deaths, although not 
all, occur suddenly and outside hospital. Most are 
considered to be caused by cardiac arrhythmias.** 
Approximately 16% of patients who currently leave 
hospital alive after acute myocardial infarction die 
during the remainder of the first year.’ Prophylactic 
agents intended to reduce this delayed mortality are 
available.© Such agents would best be confined, 
however, to the subgroup of individuals at greatest 
risk of death during the first few months after 
infarction. But can the high risk subgroup of patients 
be identified while still in hospital? 

Numerous features have been shown to be statis- 
tically associated with subsequent death,’ but to 
varying degrees in different reported series. This is 
particularly true of cardiac rhythm disturbances that 
occur while patients are in hospital.’ Disagreement 
continues about whether arrhythmias constitute 
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prognostically adverse features operating in- 
dependently of those other adverse features that 
often coexist.’ Left ventricular failure, on the 
other hand, has been shown consistently to be 
independently associated with death.'** Never- 
theless, little information is available on which 
haemodynamic feature of cardiac failure, which test 
for its presence, and which measure of its severity are 
prognostically most reliable. Moreover, the time 
after infarction at which collection of this informa- 
tion is most meaningful is presently unknown. These 
matters were investigated in the present study, with 
an emphasis upon observations and tests that are 
sufficiently safe and easy to use for them to be 
available in even a non-specialist general hospital, 
and which were applicable within the first week to all 
patients, irrespective of age, severity of infarction, or 
the presence of concomitant disease. Early assess- 
ment is essential because many patients die within 
a few weeks of discharge.’ Furthermore, the 
procedures used must be applicable to even the oldest 
and frailest patients because they are the most likely 
to die.’ 


Patients and methods 


Patients admitted to the Leicester Royal Infirmary 
who fulfilled the World Health Organisation’s 
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criteria for a “definite acute myocardial infarction”! 
and who survived for the first 7 days were studied 
prospectively for the remainder of the first year. A 
total of 600 consecutive episodes of infarction, all 
managed by the same consultant, form the basis of 
this report. No eligible patient was excluded during 
the study period. The policies and techniques used 
for monitoring and managing such patients in this 
hospital, both in the coronary care unit and after 
transfer to general medical wards, have been 
described previously." No patient received 
thrombolytic treatment. On each of the first 2 or 3 
days in hospital the following routine tests and 
investigations were performed on all patients: (a) a 
chest radiograph was obtained with a mobile x ray 
source; (b) a standard 12 lead electrocardiogram was 
recorded; (c) venous blood serum was analysed for 
creatine kinase, hydroxybutyrate dehydrogenase, 
alkaline phosphatase, glutamy] transferase, bilirubin, 
urea, creatinine, urate, sodium, potassium, bicarbo- 
nate, calcium, and phosphate; and (d) left ventricular 
systolic time intervals were measured on a simultan- 
eously recorded electrocardiogram, phonocardio- 
gram, and externally registered carotid artery pulse, 
as described in detail elsewhere.’ * The ratio of left 
ventricular pre-ejection and ejection periods (PEP/ 
EP) is known to have the greatest prognostic 
value.” * This ratio also has the convenience of being 
largely independent of heart rate. The PEP/EP ratios 
were already known to divide patients at the time of 
admission to this hospital into five prognostic strata 
with mortalities ranging from 4% to 62% during the 
first 7 days.” ° These same strata were used in the 
present study. Anatomical site of infarction was 
classified electrocardiographically by familiar but 
arbitrary criteria.” % 

Patients were routinely examined every day by me 
while they were in hospital, and I paid particular 
attention to features of cardiac failure (table 1). On 
day 5 PEP/EP ratios were remeasured in all patients 
and an electrocardiogram was tape recorded for 24 
hours on all patients. I analysed tape recordings by 
procedures that have been described and validated 
previously.” Most disturbances of rhythm were 
classified according to the criteria of Schamroth” 
(table 2). Intraventricular conduction defects, 
however, were classified according to the World 
Health Organisation’s criteria,” except that fascicu- 
lar blocks were ignored. Tape recorded ventricular 
extrasystoles and paroxysms of ventricular tachy- 
cardia were graded in various ways (table 2), 
including that proposed by Lown and Wolf.* 

A signal averaged electrocardiogram was obtained 
from 506 patients during the fifth day in hospital. 
Frank orthogonal bipolar leads X, Y, and Z were 
recorded simultaneously for 10 min with the patient 
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at rest. Averaging was performed by the methods of 
Simson” with a commercially available system 
(model 101, made by Arrhythmia Research Tech- 
nology of Oklahoma). Averaging was not attempted 
in the remaining 94 patients who had atria! fibrilla- 
tion, atrial flutter, bundle branch blocks,” or 
extrasystoles occurring at a frequency of > 10/min. 
Less frequent extrasystoles were automatically 
deleted by a template algorithm within the computer 
program. At least 200 sinus beats were bidirection- 
ally bandpass-filtered between 25 and 250 Hz. This 
provided a noise level of < 14V in all cases. A root 
mean square voltage in the final 40 ms of the averaged 
QRS complex of <25yV or an averaged QRS 
duration of > 120 ms was taken to be a significant late 
potential.” 

No patient was lost to follow up, which was from 
the beginning of day 8 to the end of day 365. 
Surviving patients were seen in outpatient clinics for 
as long as this was required clinically. Thereafter I 
contacted patients. All medications, investigations, 
and operations were documented during follow up, 
as were further myocardial infarctions, diagnosed 
according to the same criteria used for the index 
infarction. Exercise electrocardiography was under- 
taken by 113 patients, predominantly younger men, a 
median of 22 weeks after infarction. The results of 
this test were not used in the statistical analysis of this 
study because no patient who died had taken the test, 
a pattern noted previously by others.’° Coronary 
angiography was performed on 29 patients after 
infarction (median 37 weeks), although only six 
patients had coronary angioplasty or aorto-coronary 
bypass surgery during follow up. 

Death was the primary patient end point that I 
studied. All hospital records relating to the period of 
follow up were scrutinised, but many of the deaths 
occurred outside hospital, usually at home. In such 
cases the person who witnessed the event was contac- 
ted, or failing that the person who discovered or 
certified death. Information was routinely collected 
on the date and time of death, the patient’s activities 
before death, and the time that elapsed between any 
premonitory events and death. 

All the routinely monitored variables, as defined in 
tables 1-3, from all 600 patients in the study were 
categorised for statistical analysis into two or more 
bands—most often simply presence or absence. 
More complex categories are defined in the text and 
tables. Statistical associations between all possible 
pairs of routinely monitored variables and between 
each monitored variable and patient end point were 
then assessed by 7’ tests plus a stepwise linear 
discriminant analysis contained in the Statistical 
Package for the Social Sciences.” This permitted 
both univariate and multivariate associations to 


Estimation of the risk of death during the first year after acute myocardial infarction 


431 


Table 1 Routinely momtored variables that may be related to the effectiveness of cardiac pumping 











Numbers of patients 
With With feature 
feature who fea 
Lung crepitauon’ 
Day of admission — — 
Day of discharge* 32 13 
Any day* 293 75 
Above lower scapular margin on any day* 74 23 
Gallop rhythm (i) third, (ii) fourth, (11) summation. 
Day of admission (*for 1 and 1i1) 58 (1 or 11, 19 
Day of discharge (*for 1 and in) 66 Q or 25 
Any day (*for 1 and 11) 81 Gor ii) 28 
apical impulse on day 5: 
Palpability — — 
To left of mid-clavicular line (cm) — — 
5 ane 4cm* 110 35 
Jugular pulsations > 3 cm above sternal notch* 115 40 
Qedema on any day: 
Feet or ankies* 67 24 
Above mid-calf* 26 11 
Sacral — — 
Blood urea > upper limit of normal range: 
Day of admission* 162 53 
Maximum in hospital* 15 
Anterior-posterior radio h at admission 
Pulmonary venous im! ia 204 59 
Pulmonary oedema* 59 20 
Pleural effusion* 22 13 
Radiographic evidence on any day 
Pulmonary venous imbalance* 213 61 
Pulmonary oedema* 71 35 
Pleural effusion* 70 40 
Maximum Coder pot ratio > o bh on ay aust? 220 68 
Killip and Kimball catego: in 4 grades 
Day of admisaion* 273 2 2) 77 
Worst score in ital* 296 (32) 78 
Prognostic index of Norris and co-workers,’ categorised as <3, 3-5, 6-8, 9-11, or >11 
Day of admission* 265 (23) 75 
Worst score in hospital* 304 (> 3) 82 





*Indicates a significant umvanate association with non-survival, All features were categorised as present or absent unless specified 
otherwise Indicates radiographic information derived from an erect posterior-anterior film with the x ray source 6 feet from the chest. 


be assessed, with p < 0-05 being regarded, as 
significant. This method for predicting outcome 
after myocardial infarction is well established.*” 

As progressively more patients completed their 
year of follow up it became possible by means of 
discriminant analyses to calculate on day 7 the 
probability that each subsequently enrolled patient 
would survive for a year, based upon multivariate 
comparison of the patient’s own characteristics with 
those ofall preceding patients in the study. At the end 
of the year of follow up the actual and predicted 
outcomes were compared. Predictions only became 
maximally successful, however, after the first 190 
patients had completed their follow up. 


Results 
A total of 123 patients died during follow up (20% of 


the study population); 61 of the deaths occurred 
within the first month, Time of death was known to 


the nearest hour in 95 patients. Of the accurately 
timed deaths, 39 occurred between 05.00h and 
11.00 h, which is significantly more than occurred 
during any other consecutive 6 h period, confirming 
previous findings.’ No consistent pattern of 
antecedent activities or premonitory events was 
discovered. Death seemed to be unexpected in 57% 
whose death was witnessed. 

Many of the routinely monitored variables in the 
present study, as defined in tables 1-3, were 
univariately associated with death. This was expec- 
ted because the variables had been chosen because an 
association with death was envisaged. Discriminant 
analysis was performed to identify which routinely 
monitored variables were multivariately predictive of 
death. When all routinely monitored variables were 
included predictions were 75% sensitive and 73% 
specific, with the predictive accuracy of death and 
survival being 55% and 92% respectively. Each 
monitored variable was then omitted in turn in 





VT 
Highest VT rate (100-200/mrm or > 200/min) 
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Table2 Disturbances of ventricular rhythm routinely tape recorded on day 5 

Numbers of patients 

With Waith feature 
Feature feature who 
VEs > 1/hour* 117 36 
Mulufocal VEs 85 25 
Pared VEs 64 21 
VEs m bigemin: 79 28 
Early VEs (RR'/QT < 1) = azs 
AIVR 28 11 

57 19 


Number of paroxysma of VT 
Longest paroxysm of VT (beats and seconds) 


Arrhythmias were classified ag present or absent unless specified above. With the exception of early VEs, all other listed features were 
univariately significantly associated with PEP/EP ranos on day 5 and with death 

*VEs, ventricular extrasystoles. Values of 1-10 VEs/hour and > 10 VEs/hour were also univanately associated with death, 

AIVR, accelerated :dioventricular rhythm (> 3 consecutive QRS complexes at < 100/min) 

VT, ventricular tachycardia (3 consecutive QRS complexes at > 100/min) 


reverse order of closeness of univariate association 
with death. Most single variables could be omitted 
without reducing the predictive sensitivity, 
specificity, or accuracy. One by one such variables 
were eliminated until only six remained. These six 
variables were, in diminishing order of their respec- 
tive standardised canonical discriminant function 
coefficients” (used here as a convenient measure of 
prognostic impact): (a) the PEP/EP ratio on day 5 
categorised as <0-30 = 1, 0:30-0:33 = 2, 0:34- 
0:37 = 3, 0380-41 = 4, >0-41 = 5; (b) the 
number of previous myocardial infarctions (MI) the 
patient was known to have sustained, diagnosed by 
the same criteria that were used for the index 
infarction; (c) whether the patient had diabetes 
mellitus (DM) categorised as present = 1, 
absent = 0; (d) the age group in years of the patient, 
categorised as <40 = 3; 40-50 = 4, 51-60 = 5, 
61-70 = 6, 71-80 = 7, and >80 = 8; (e) whether a 
diuretic drug with a direct renal action was adminis- 
tered at any stage in hospital, categorised as used = 1, 
not used = 0; and (f) whether right or left bundle 
branch block (BBB) was shown while in hospital, 
categorised as shown = 1, not shown = 0. In com- 


bination these six variables were as successful as the 
combination of all the routinely monitored variables. 
These six variables could be combined in the follow- 
ing equation: Risk = 0-61 (PEP/EP) + 0:92 (MI) + 
0-93 (DM) + 0-28 (age group) + 0-53 (diuretic) + 
0 28 (BBB). Each term in this equation is the product 
of the non-standardised canonical discriminant func- 
tion coefficient for that variable and the patient’s own 
value for the variable. Where the risk was > 2-73 the 
patient had >50% chance of death during follow up 
and was classed as a predicted non-survivor. Patients 
with a <30% chance of death during follow up had a 
calculated risk of <2-31, and those with a <10% 
chance of death had a calculated risk of < 2-04. 

Discriminant analysis with uncategorised values 
for age and the PEP/EP ratio gave essentially the 
same mortality predictions as those using the 
categories defined above. Categorised data, however, 
simplified the calculation of risk, even to the point of 
making it possible by mental arithmetic. 

Any multivariate analytical technique makes 
certain assumptions about the numerical distribution 
of the data it is called upon to handle. If the 
assumptions are not fulfilled the predictive effective- 


Table3 Probabilities that the univariate associations between the momtored variables and outcomes were due to chance 











PEP/{EP MI DM 
Non-survival <0 001* <0 001* 0001* 
PEP/EP <0 001 0 047* 
MI 0 230 
DM 
Age group 
Diuretic 





Age group Diuretic BBB 
0 001* <0 001* <0 001* 
<0 001* <0 001* <0 010* 
0990 0 003* 0 297 
0-185 <0 001* 0 149 
0 002* 0 059 
0 005* 





PEP/EP, rano of pre-ejection and ejection periods on day 5 (>0 30 m 257, of whom 96 died); MI, number of previous myocardial 


infarcnons (> 1 in 117, of whom 48 died); 


between the indicated variables was significant 


sat 


M, diabetic status (121 diabetic parents, of whom 39 died); Age group, age in years, by 
decade (159 patients >70 years, of whom 50 died); Diuretic, treatment with a diuretic drug while in h 
whom 92 died), BBB, nght and left bundle branch blocks while m hospital (present m 92, of whom 35 


ital (317 treated patients, of 
>) *Univariate association 
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ness may be reduced. The data derived from the 
present study were re-examined, therefore, by two 
additional techniques, namely logistic regression and 
the Cox model. The same six routinely monitored 
variables (table 3) were most predictive of mortality 
in all three methods of analysis. The Cox model, 
however, identified third degree atrioventricular 
block as a seventh independent contributor, but this 
was of marginal significance. Logistic regression was 
slightly less sensitive (73%) than discriminant 
analysis and the Cox model was slightly less specific 
(70%) than either discriminant analysis or logistic 
regression. Because of the slight predictive 
superiority of discriminant analysis I have used this 
for the remainder of this report. 

Despite statistical independence for predictive 
purposes, each of the six variables listed in table 3 was 
also highly associated univariately with at least one of 
the other five. Patients who died without any warn- 
ing were very similar in terms of these six variables to 
patients whose death came more gradually or after 
particular patterns of premonitory events. Only two 
patients died from apparently non-cardiac causes; 
one had a cerebrovascular accident and the other died 
of carcinomatosis. 

Most of the routinely monitored variables in the 
present study owed whatever univariate association 
with death that they had (tables 1 and 2) to being 
associated with one or more of the six primary 
variables listed in table 3. For example, many of the 
monitored variables reflecting reduced pumping 
effectiveness of the left ventricle (table 1) were 
closely associated univariately with death but con- 
tributed nothing additional to PEP/EP ratios on day 
5 in the multivariate assessment of nsk. This was also 
true of PEP/EP values measured on days other than 
day 5. There was a univariate association between 
death and infarction of the anterior wall, compared 
with other sites, but this feature also failed to 
contribute multivariately to mortality risk. 

Only one routinely monitored variable reflecting 
ventricular pumping effectiveness was found to be 
predictive of death independently of PEP/EP values 
on day 5, and that was diuretic use (table 3). This 
remained true irrespective of whether diuretic use 
was defined in terms of day of admission only, the last 
day in hospital, or indeed any day or combination of 
days in hospital. It was also independent of the type 
of diuretic used, the dose used, or the route by which 
it was administered. The highest standardised can- 
onical discriminant function coefficient was obtained 
when this variable was defined in terms of “‘at any 
time in hospital’, and it is in this sense that the 
variable is used in the remainder of this report. 
Diuretic usage was only marginally less predictive of 
death, however, when use on only the first day in 
hospital was considered. 
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Several disturbances of cardiac rhythm recorded 
on the routine daily 12 lead electrocardiograms, plus 
those on the routinely tape recorded electrocardio- 
gram on day 5, were univariately associated with 
death. This was true of episodes of second and third 
degree atrioventricular block, of atrial fibrillation, of 
atrial flutter, and of all forms of supraventricular 
tachycardia combined. Ventricular extrasystoles on 
the tape recorded electrocardiogram were uni- 
variately associated with death, and the association 
was closest when the frequency of these beats was 
categorised as <1, 1-10, or > 10 per hour (table 2). 
Table 2 shows several other features of the ven- 
tricular extrasystoles, such as grading according to 
the scheme of Lown and Wolf™ or occurrence in 
bigeminy or pairs, which although still significantly 
associated univariately with death, were less closely 
associated with this outcome than when the 
frequency of ventricular extrasystoles was defined as 
in table 2. Paroxysms of ventricular tachycardia on 
the tape recorded electrocardiogram had a similar 
prognostic significance to that of the frequency of 
ventricular extrasystoles. This was true irrespective 
of whether this arrhythmia was defined indepen- 
dently of the ventricular rate, or was categorised in 
three bands with average rates of <100, 100-200, 
and > 200 per min. Severity attribution was to the 
band representing the paroxysm with the highest 
rate. The prognostic significance of ventricular 
tachycardia was mdependent of the length of the 
longest paroxysm, the average length of the recorded 
paroxysms, or the total number of paroxysms during 
the 24 hour recording (table 2). None of the forgoing 
arrhythmias, however, made an independent con- 
tribution to mortality risk after allowance for the six 
variables shown in table 3, and was seemingly 
independent of whether a patient was receiving anti- 
arrhythmic drugs on day 5, or had done so earlier 
while in hospital. 

The occurrence of supraventricular extrasystoles 
on the electrocardiogram tape recorded on day 5, or 
the occurrence of ventricular fibrillation while in 
hospital were not associated univariately with death 
during follow up.** 

Late potentials were found in 168 of the 506 signal- 
averaged electrocardiograms and were significantly 
associated univariately with death. They made no 
independent contribution to mortality risk, however, 
in these 506 patients after allowance for the six 
variables listed in table 3. Late potentials and tape 
recorded paroxysms of ventricular tachycardia 
showed a univariate association, and both were 
associated univariately with frequent ventricular 
extrasystoles on the tape recorded electro- 
cardiogram. 

To determine whether the prognostic significance _ 
of each of the routinely monitored variables changed. 
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significantly during the study period a discriminant 
analysis was performed on just the first 200 patients. 
This predicted the first year outcomes with 74% 
sensitivity, 74% specificity, and 56% accuracy for 
death. Unstandardised canonical discriminant func- 
tion coefficients were calculated for each of the 
monitored variables in these first 200 patients, The 
coefficients were then used, without modification, to 
predict outcome in the remaining 400 patients. 
Predictions made in this way were 74% sensitive, 
73% specific, and 55% accurate for death. 

All survival predictions presented so far in this 
report relate to a 51 week period of follow up. 
Discriminant analyses were also undertaken to 
examine the predictability of survival for shorter 
periods. The 3 month predictions were 76% sensi- 
tive, 75% specific, and 55% accurate for death, 
values not significantly different from the one year 
predictions, and with the same six variables (table 3) 
contributing. This was not very surprising because a 
substantial majority of the deaths occurred within the 
first 3 months. 


Discussion 


As in several previous reports," patients in the 
present study with evidence of cardiac failure while 
in hospital had a high one year mortality. The most 
useful measure of cardiac pumping effectiveness 
from the list of routinely monitored variables was the 
ratio of the measured left ventricular pre-ejection and 
ejection periods on day 5. Previous workers also have 
reported a univariate association between this ratio 
in patients while in hospital and one-year non- 
survival,” although a multivariate study has not 
been published previously. Many of the classic 
symptoms and physical signs of cardiac failure 
correlated only weakly with the more objective 
measures, such as PEP/EP values. This too accords 
with previous reports.” A significant univariate 
association was found in the present study between 
lung crepitations heard on day 5 and PEP/EP values 
on that day of > 0-33, although not with values of 
0-30-0-33. There was a significant univariate associa- 
tion, however, between diuretic usage while the 
patient was in hospital and PEP/EP values of 0-30— 
0:33 on day 5, as well as with higher values of this 
ratio. Lung crepitations, therefore, have limited 
prognostic value (table 1). 

Evidence of pulmonary venous imbalance on the 
radiograph obtained routinely in the present study at 
the time of admission had some prognostic value. At 
the time this radiograph was obtained patients with 
even mild left ventricular failure are unlikely to have 
had time to respond to any diuretic medication to the 
extent that pulmonary venous imbalance would have 
gone. Indeed, in less severe cases the decision to give 


Northover 


diuretic medication often was taken only after view- 
ing the chest radiograph. Previous workers have 
noted that patients with radiographic or other objec- 
tive evidence of left ventricular failure at the time of 
admission are more likely to die within a year of 
discharge,“* even if the signs of failure resolve 
during the first few days in hospital.“ 

It is uncertain why diuretic usage carried an 
adverse prognostic significance in the present study. 
Electrolyte imbalance” is unlikely to be the whole 
explanation since patients who received only a single 
dose of a diuretic at the time of admission to hospital 
remained at increased risk throughout follow up, 
irrespective of whether any diuretic was given during 
follow up. Areas of ischaemic but sull viable myocar- 
dium may create a low left ventricular diastolic 
compliance during the early stages of an infarction, 
and such patients would receive diuretic treatment 
to relieve their pulmonary congestion. Areas of 
myocardial stiffness are known to improve while in 
hospital,® enabling the diuretic to be stopped. The 
existence of areas of only marginally perfused 
myocardium, however, may continue to pose a risk of 
arrhythmias,” even though collateral vessels may 
open sufficiently to improve the diastolic stiffness.” 

Numerous methods for assessing the pumping 
effectiveness of the left ventricle have been used to 
predict survival after myocardial infarction, notably 
imaging with ultrasound, radionuclides, and x ray 
contrast media. So far, however, none has been 
reported to predict survival with a combination of 
sensitivity, specificity, and accuracy?" ” any better 
than the six variables listed in table 3. 

The prognostic significance of ventricular 
extrasystoles and paroxysms of ventricular tachy- 
cardia on tape recorded electrocardiograms is still 
disputed. Paroxysms of ventricular tachycardia in 
one 24 hour recording are often absent the next day.™ 
Furthermore, frequent and complex ventricular 
extrasystoles seem to possess independent prognostic 
significance among patients with non-Q wave infarc- 
tions but not among those with Q wave infarctions.™ 
Ventricular arrhythmias are both more common and 
prognostically more sinister when recorded 2 weeks 
or more after infarction than when recorded, as in the 
present study, during the first week.” Ventricular 
extrasystoles have shown an independent prognostic 
significance when combined with a simple clinical 
assessment of left ventricular function plus evidence 
from a chest radiograph," *™ or with left ventricular 
ejection fractions derived from multiple gated 
ventriculography.” The prognostic significance of 
ejection fractions may be enhanced multivariately by 
including information on paroxysms of ventricular 
tachycardia,’ ® on ventricular extrasystoles at a rate 
of >3 per hour’ or >10 per hour,” ® or on the 
complexity of the ventricular extrasystoles.” These 
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Table4 Standardised canomcal discriminant function coefficients calculated for the six most rmportant monitored variables 





after dicotomsation 
Dicotomsed variable 
Name Value PEP/{EP MI DM Age group Druretic BBB 
PEP/EP: <0 30 0341 0 560 0 348 0 424* 0215 
ae >0 29 (0 589) 0497 0 200 0 350, TA T 
MI 0 0-366 0 581* 0 
>0 0941 (0 477) as = 0275 0 237 
DM Absent 0 640* 0-600* — 0-385* ws 0 249* 
Present a = (0 345) pe 0 818* = 
* 0 501* 0-406* 0 144* = 
Age group na 0:552 0501 04 (0 281) 91 Fee 
Diuretic. Not given 0 939 0 596 0 185 _ — 
Given 0412 0570 0 462 0 488* (0-255) 0 229" 
BBB: Absent 0 639 0511 0 430 0 232 0217 (0.094) 
Present 1-164 0241 0 239 0 349 0 697* 





See footnote to table 3 for abbrevianons. Values in parentheses are coefficients for undichotomused variables *Variables where the two 


dichotomused values gave significantly different 
death. 


arrhythmias failed to enhance the success of predic- 
tions, when, as in the present study, combined with 
evidence of the extent of myocardial injury derived 
from biplane x ray contrast ventriculography” or 
thallium imaging.” Furthermore, radionuclide 
derived ejection fractions when combined with 


clinical evidence of ventricular dysfunction were no ° 


longer prognostically enhanced by information about 
ventricular arrhythmias.’'°'? Ventricular arrhy- 
thmias, therefore, probably reflect the extent of 
myocardial injury. The more fully the extent of 
injury has already been taken account of in a 
multivariate assessment of risk the less will be the 


additional contribution from ventricular arrhy- ` 


thmias.'' In one previous study,” as in the present 
investigation, bundle branch blocks contributed 
multivariately to the risk of death in the year after 
myocardial infarction. In contrast with the previous 
study, however, patients in the present study with 
right and left bundle branch blocks had a similar 
mortality, which allowed data from them to be 
combined for statistical analysis. 

The present study. confirms previous work” “t in 
showing that diabetes is an adverse prognostic 
feature that 1s independent of those others with 
which it often coexists (table 3). The adverse 
prognostic significance of several of the routinely 
monitored variables was different in diabetic and 
non-diabetic patients. Standardised canonical 
discriminant function coefficients were calculated 
for each of the prognostically important variables 
after patients were stratified in the ways shown in 
table 4. In contrast with the situation among non- 
diabetic patients only diuretic use made an 
independent prognostic contribution among diabetic 
patients and warrants further study. 

As in previous studies,” age operated in- 
dependently of the other prognostically important 


cients. Missing values are variables that failed to contribute muluveniately to risk of 


variables in the present study (table 3). In contrast 
with the situation among younger patients, however, 
the only routinely monitored variable that had an 
independent prognostic impact among those aged 
>70 years was the occurrence of bundle branch 
blocks (table 4). Note also that the age group to which 
@ patient belonged did not make an independent 
contribution in those who had previously had a 
myocardial infarction, ın the diabetics, and in those 
who did not receive a diuretic while in hospital (table 
4). The reasons for these subgroup differences 
warrants further study. 

In conclusion, within the first week ıt is possible to 
predict the risk of death for each patient recovering 
from an acute myocardial infarction. Only six items 
of information are required'and assessment is 
possible entirely at the patient’s bedside without 
resort to expensive, difficult, or dangerous investi- 
gations. Those found to be at some predetermined 
level of risk, say 50%, warrant prophylaxis.° 


I thank those many members of the staff of the 
Leicester Royal Infirmary who have helped me 
during the course of this study, particularly 
Dr J R Hearnshaw. Andrew Curry collaborated on 
the mathematical aspects of the study. 
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A comparison of methods of analysing exercise tests 
for diagnosis of coronary artery disease 
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SUMMARY ‘The diagnostic accuracy of the following methods of analysing exercise tests were 
evaluated: (a) the cumulative area of ST segment depression during exercise normalised for 
workload and heart rate (exercise score); (b) discriminant analysis of electrocardiographic exercise 
variables, workload, and symptoms; and (c) ST segment amplitude changes during exercise 
adjusted for heart rate. Three hundred and forty five men without a history of myocardial 
infarction were studied. One hundred and twenty three were apparently healthy. Less than half 
(170) had coronary artery disease. All had a normal electrocardiogram at rest. A Frank lead 
electrocardiogram was computer processed during symptom limited bicycle ergometry. The 
accuracy of the exercise score (a) was low (sensitivity 67%, specificity 90%). Discriminant 
analysis (b) and ST segment amplitude changes adjusted for heart rate (c) had excellent diagnostic 
characteristics (sensitivity 80%, specificity 90%), which were little affected by concomitant use of 


B blockers. Both methods seem well suited for diagnostic application in clinical practice. 


In 1977 a system for computer assisted interpretation 
of exercise electrocardiograms was introduced in our 
hospital. This system used ST segment amplitudes 
and ST segment slopes adjusted for heart rate, and 
was more accurate than visual interpretation of the 
exercise electrocardiogram.' Since then, various 
other complex diagnostic analyses have been 
described that include not only electrocardiographic 
variables but also other exercise variables.?+ 
Hollenberg et al proposed a treadmill exercise score 
that measures the cumulative area of ST segment 
depression during exercise normalised for work- 
load.?* In 116 men with a high likelihood of coronary 
disease this score had a sensitivity of 85% and a 
specificity of 91%. Among 45 men with a low 
likelihood of coronary disease but with a positive test 
according to conventional interpretation, the score 
identified the one who had coronary artery disease 
and produced no false positive responses.’ Detry et al 
developed a discriminant function that correctly 
classified 83% of a study population of 370 men 
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without previous myocardial infarction.’ Detrano et 
al recently assessed the relative value of ST segment 
slope, R wave amplitude, and ST amplitude adjusted 
for heart rate and R wave amplitude in 303 patients 
without previous infarction and concluded that 
simple adjustment of ST segment changes for 
exercise induced heart rate gave the best diagnostic 
accuracy.‘ Claims that these techniques enhance the 
diagnostic accuracy of exercise electrocardiography 
have not yet been confirmed in an independent series 
of patients. We examined the merits of these 
approaches in men without a previous myocardial 
infarction. 


Patients and methods 


STUDY POPULATION 

We studied 345 men. None of them had a prior 
myocardial infarction or was taking digitalis. All had 
a normal electrocardiogram at rest. The study group 
included 222 men consecutively referred between 
January 1978 and May 1983 for evaluation of chest 
pain, who performed a symptom limited exercise test 
and subsequently underwent coronary angiography. 
Symptoms were classified according to the criteria of 
the Coronary Artery Surgery Study register.“ Left 
ventriculography and coronary angiography were 
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Table 1 Blectrocardtographic and exercise variables of the various diagnostic exercise analyses 





Analyss ST amphtude ST slope R wave HR Workload Angina 
HR adjusted ST and slope’ ST æ ST, (X) ST p00 CX) + 

Exercise score’? J pomt CX and Y) ST io (X and Y) + + + 

Discriminant function* ST (X) ST 0 + + + 

HR adjusted ST amplitudes® ST,, ex-ST,, rest (X) + 





HR, heart rate; ex, peak exercise. 
w ST segment amplitudes at 20 ms after J. 
X and Y, Frank leads X and Y. 


performed within three months of the exercise test. 
The presence of a diameter stenosis of at least 50% in 
one or more major coronary arteries was regarded as 
evidence of coronary disease. Angiograms were 
interpreted by two experienced cardiologists without 
knowledge of the exercise test results. Ninety five 
patients with coronary disease and 21 patients with 
normal angiograms were taking f blockers at the time 
of the exercise test. 

The other 123 men were studied in the Kaunas- 
Rotterdam Intervention Study. In this World Health 
Organisation project, a representative sample of men 
in Rotterdam was screened for the presence of 
coronary risk factors.’ A subgroup volunteered to 
participate in the exercise study. They were without 
symptoms and none of them was taking cardiac 
medication. 


EXERCISE TEST 

The men performed a symptom limited exercise test 
while sitting on a bicycle ergometer. The workload 
was increased by 10 or 20 W until moderate symp- 
toms appeared or until exhaustion occurred. The 
men continued to cycle at a low load for four minutes 
after peak exercise. The corrected orthogonal Frank 
lead electrocardiogram was recorded with the chest 
electrodes attached at the level of the fifth intercostal 
space. The electrocardiogram was computer pro- 
cessed as described elsewhere.” In short, the electro- 


cardiogram was sampled for 20 seconds with the man 
sitting at rest, every minute during exercise, and 
during a six minute recovery period. The sampling 
frequency was 250 Hz. After rejection of abnormal 
complexes or those showing excessive baseline drift, 
an average representative complex was calculated.’ 
The baseline level was defined as the mean signal 
amplitude for 5-3 samples (20-12 ms) before the 
QRS complex. All amplitudes were measured 
relative to this baseline. Measurements included 
heart rate, R wave amplitude, J point amplitude, and 
ST segment amplitudes every 20 ms intervals 
between the J point and 100 ms after J in leads X and 
Y. ST» is the ST amplitude 20 ms after J. 

The following diagnostic analyses, outlined in 
table 1, were evaluated: 
(a) ST segment measurements adjusted for 
instantaneous heart rate.' The diagnostic accuracy of 
the combination of ST» and ST, in Frank lead X, 
corrected for heart rate, was re-evaluated. 
(6) A modification of the treadmill exercise score as 
described by Hollenberg et al. This score quantifies 
the electrocardiographic response to exercise by 
measuring the cumulative area of ST segment 
amplitude during exercise and recovery in leads V5 
and aVF, which is then normalised for QRS 
amplitude and for workload—by dividing the ST 
segment sum by the product of the duration of 
exercise (in minutes) and the fraction of the maximal 


Table 2 Results of discriminant analysts of exercise variables in 345 men without previous myocardtal mfarction for 
coefficients derwed by Detry et al? and for those obtamed m the present study 





Derry et al’ Thas study 

Discriminant score* Discriminant score* 
Exercise variables Coefficient CAD Normal Coefficient CAD Normal 
Heart rate (bears/mim) 002 279 3-55 0 02 2 28 300 
ST, lead X (mV) 378 —0-53 -O11 7-00 —0 78 021 
Angina (yes: 1, no 2) 078 109 156 092 128 1-53 
Workload (W) 0 004 059 090 0 004 0 46 0 67 
ST a slope lead X (mV/s) 0-16 010 044 021 009 0-46 
Intercept -5 04 -504 —5 04 — 438 —4 38 —438 
Overall discriminant scoret —100 1-30 — 1-05 149 


CAD, coronary artery disease. 


*Calculated as the product of the coefficient and the mean value of the variable. 
t Calculated as the sum of the 1tem-specific scores; this score can be regarded as the discriminant score of the average patient, 
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predicted heart rate (MPHR) achieved. We 
modified the original method by using Frank leads X 
and Y instead of standard leads V5 and aVF and by 
limiting the electrocardiographic measurements in 
the recovery period to six minutes after peak exercise 
instead of 10 minutes. The ST segment slope was 
calculated from ST segment amplitudes at 20 and 
60 ms, because this was the most informative slope in 
our study population. The slope measurements ın the 
original publication were not specified. The maximal 
predicted heart rate (MPHR) was calculated 
220 — age. Mean R wave amplitude values obtained 
in the present study population were entered as R in 
the formula: 


Exercise score = area (J point + ST slope) lead X 
x R/R lead X + area (J point + ST slope) lead Y 
x R/R lead Y — exercise duration x fraction of MPHR 
(c) The discriminant function (D) described by 
Detry et al and presented in table 2.° 
(d) The electrocardiographic method of Detrano et 


al.‘ Changes in ST amplitude were adjusted for heart 
rate in Frank lead X only: 


(ST exercise — ST p rest) lead X — heart rate adjusted ST 
= exercise heart rate — resting heart rate 


STATISTICAL ANALYSIS 

We used univariate analysis with unpaired Student’s 
t test for continuous variables and Fisher’s exact test 
for discrete variables. Stepwise discriminant analysis 
was performed with the BMDP 7M statistical pack- 
age. The sensitivity and specificity of the various 
electrocardiographic vanables and of the different 
diagnostic analyses and their sub-elements were 
presented as receiver operator characteristic curves 
(sensitivity v specificity)."' ? 
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Table 3 Chmcal and angiographic data of 345 men 
utthout previous myocardial infarction 





Age (yr) CAD 
History No Mean Range No (%) 
Typical angina 124 52 28-69 111 (90) 
Atypical angina 50 30-66 43 £83 
Non-anginal pain 35 46 22-68 16 (46) 
Volunteers 1 47 19-64 - 


Results 


Table 3 shows the details of the study population. Of 
the 170 patients with coronary disease, one had left 
main disease, 53 had three vessel disease, 64 two 
vessel disease, and 52 single vessel disease. The mean 
ejection fraction of the patients with coronary disease 
was 64% (range 37-83). The other 52 men with 
symptoms had normal coronary arteries or no 
significant lesions at angiography. Angiography was 
not performed in the 123 men without symptoms. A 
follow up of 9 years (SD 9 months) confirmed that 
they did not have heart disease. Six of them had died; 
whereas the number of deaths expected in a random 
sample of Dutch men of similar age would have been 
12.” 

No complications occurred during exercise test- 
ing. Table 4 shows the relevant exercise variables. 
Patients with coronary disease reached lower 
maxima] workload and lower peak heart rate and ST 
segment amplitudes in leads X and Y were signifi- 
cantly more negative than in the other men. Patients 
with normal angiograms had intermediate mean 
exercise values, although their individual electro- 
cardiographic variables fell within the ranges of the 
healthy subjects. 


Table 4 Exercise test data im 170 patients with coronary disease (CAD), in 52 patients with normal coronary angiograms 
(No CAD), and in 123 symptom free men. Measurements are given at peak exercise unless otherwise indicated, All data, 


except angina, are gwen as mean ( SD} 


No CAD and healthy Healthy men 

CAD (n = 170) men (n = 175) No CAD (n = 52) (n = 123) 
Max workload (W) 11533)" 168 (43) 156 (46)* 173 (41) 
Angina (%) 103. (61)** 7 (4) 7 13) = 
Max heart rate (beats/min) 120 (22)** 158 (24) 143 (28)* 165 a a 
R wave lead X at rest (uV) 1304 (423) 1369 (451) 1358 (483) 1374 (839 
STe lead X (uV) —112 (79)** 30 (92) <f (62)* 44 (97) 
ST, lead X (4V) —92  (100)** 117 (139) (92)* 144 (144) 
ST og slope lead X (uV/s) 043 (093)** 216 (137 154  (0-94)* 241 ° (1-44) 
R wave lead Y at rest (p 347 (328) 654 (396) 681 (416) 643 (89) 
ST, lead Y (4V) -46  (63** 10 (66) -16 (55)* 21 (67 
ST, lead Y GV) -31  — (76)** 51 (92) 2 (69)* 70 (92) 
ST ip slope lead Y (uV js) 043 (0 62)** 1:28 (0 84) 097 (070) 140 (087) 


*p = < 002 No CAD v healthy men. 
p = < 0001 CAD vall men with normal tests. 
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Fig 1 Sensitivity and specificity for the prediction of 
coronary disease of ST 1n Frank leads X (sold carcles) and 
Y (open circles), ST 3, ST and ST yg tn lead X, and 

ST aso slope im leads X and Y ın 345 men wnthout previous 
myocardial infarction. 


ST, and ST, in lead X had a sensitivity of 70% 
and a specificity of 90% for the prediction of 
coronary disease. The ST, slope in lead X had 
similar diagnostic value (fig 1). The diagnostic 
accuracy of ST, was lower, while values for ST 
segment measurements at 40 and 100 ms in lead X 
were intermediate (not illustrated). Other electro- 
cardiographic variables used in the various formulas, 
such as J point amplitudes in leads X and Y and 
STe Slope in lead Y were inaccurate indicators for 
the presence or absence of coronary disease (fig 1). 

The diagnostic yield of ST segment measurements 
adjusted for instantaneous heart rate was good 
(sensitivity 74%, specificity 90%) in the study 
population as a whole (fig 2, table 5). These 
measurements, however, were less reliable in the 116 
men who were treated with # blockers (95 men with 
coronary disease and 21 men with normal 
angiograms) (table 5). 

The diagnostic accuracy of the exercise score was 
low, even in patients not taking £ blockers (fig 2, table 
5). Conventional ST segment measurements in lead 
X were more powerful predictors. To determine the 
strong and weak components of the exercise score, 
the various elements of the original formula were 
analysed. When only the numerator of the equation, 
the cumulative J point depression and ST segment 
slope, was evaluated the test’s accuracy increased. In 
contrast, addition of the maximum predicted heart 
rate or achieved workload to the denominator of the 
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equation reduced the diagnostic value of the test 
(table 5). 

The sensitivity and specificity of the discriminant 
function developed and described by Detry et al’ 
were quite high (fig 2). This analysis also proved to 
be accurate in patients taking $ blockers, although 
the sensitivity was higher at corresponding levels of 
specificity in patients who were not taking these 
drugs (table 5). The coefficients of the discriminant 
function in this series of patients were calculated by 
stepwise discriminant analysis with the same vari- 
ables as used by Detry et al. Table 2 shows the 
derived coefficients and table 5 the sensitivity and 
specificity of this analysis. ST segment amplitude 
was more important in this “optimised” equation, 
and the differences between the coefficients of the 
two discriminant functions related to ST, were 
statistically significant. 

The sensitivity of the ST segment changes adjus- 
ted for heart rate was high at all levels of specificity 
(fig 2, table 5). The results of the analysis were not 
affected by the use of # blocking agents during 
exercise. The sensitivity and specificity of the test 
were poor when the unadjusted difference between 
ST segment measurements at peak exercise and at 
rest were evaluated. The subsequent correction of 
the ST segment changes for R wave amplitude only 
improved this component of the test’s yield at high 
levels of specificity (table 5). 
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Fig2 Sensitivity and specificity for the prediction of 
coronary disease of changes in ST segment adjusted for 
instantaneous heart rate,' of exercise score,’* and of 
discrimmmant function according to Detry et al? and af 
changes in ST amplitude adjusted for heart rate as proposed 
by Detrano et al * in 345 men. 


442 


Table5 Sensinorties (%) at fixed specificity for various 
diagnostic analyses of exercise tests and their components 


Speaficaty (%) 


80 85 90 95 


HR adjusted ST amplitudes and 

All patients 82 79 74 58 

Patients with f blockers 73 64 63 43 

Patients without £ blockers 84 81 76 68 
Exercise score’: 

All panents 82 73 67 60 

Panents with £ blockers 74 68 66 58 

Patients without 8 blockers 78 70 63 53 

ST area measurements only 91 84 71 55 

Area/% MPHR 68 61 44 29 

Area/munutes in test TI 67 56 40 
Discriminant function according 

to Detry et al? 

All patents 88 86 84 50 

Patents with 8 blockers 89 82 7 66 

Patients without f blockers 91 89 84 54 
Present discriminant analysis 95 92 91 78 
HR adjusted ST segment changes*: 

All panents & 82 78 73 

Patients with f} blockers 81 81 80 T7 

Pauents without 8 blockers 81 78 76 64 
ST) max—ST p rest 80 73 65 56 
Correcnon for R wave amplitude 80 73 70 61 


HR, heart rate; MPHR, maximum predicted heart rate 


Discussion 


The success of apparently promising new diagnostic 
techniques is often found to be limited when they are 
applied to other populations.“ Inappropriate 
selection of patients and biased evaluation of the test 
and disease state are the usual causes of such 
failures’; the contribution of different stress test 
protocols or electrocardiographic techniques is less 
crucial. We studied patients with a broad range of 
coronary disease: men without coronary disease who 
were apparently very healthy, and men with symp- 
toms who did not have important coronary disease. 
Figure 3 shows that the results of the exercise test 
were related to the severity of coronary disease. 
Discriminant function analysis of exercise varia- 
bles and ST segment amplitude changes adjusted for 
heart rate seemed to be the best predictors of the 
absence or presence of obstructive coronary disease. 
Both analyses had a sensitivity between 70% and 
80% at a specificity level of 90%. The diagnostic 
accuracy was highest with the discriminant function 
according to Detry et al.’ The coefficients obtained in 
the present study resembled the original values 
reported by Detry et al’ although the weight given to 
ST segment changes in our equation was higher. The 
relative importance of the various exercise variables 
in the discriminant analyses became apparent when 
the mean exercise variables of the two patient groups 
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were entered in the two equations (table 2). Heart 
rate at peak exercise, ST, in lead X, and the 
appearance of angina during exercise were the most 
important variables, as they were in other studies. 
Although exercise tolerance is a major indicator of 
prognosis in patients with known coronary disease,” 
workload was not an important factor in the diagnosis 
of coronary disease by either function in patients 
without a previous myocardial infarction and normal 
left ventricular function. The use of anginal symp- 
toms during exercise in the discriminant function 
may not be appropriate because bayesian probability 
analysis relies on the mutual independence of vari- 
ables; angina may have already been used to calculate 
the pre-test risk of coronary disease.” 
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Fig3 Exercise variables ST „1n lead X for values obtamed 
with the discriminant function according to Detry et al’ and 
for ST segment amplitudes adjusted for heart rate in 345 men 
with three vessel disease (VD), two vessel disease, single 
vessel disease, patients with normal findings at angiography 
(No CAD), and volunteers. (a) Distribution of ST yp. 

(b) Discriminant: function according to Detry et al? (c) ST 
Segment amphtude adjusted for heart rate. A complete 
column represents 20 subjects. The asterisk indicates the mean 
in that group. Note the overlap between the various groups, 
in particular between 1 VD and 2 VD. Patients unth three 
vessel disease showed the most abnormal results and 
volunteers the most normal results. 
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The adjustment of ST segment amplitude for 
heart rate in the manner proposed by Detrano et al‘ 
yielded similar diagnostic results—a sensitivity of 
78% at a specificity level of 90%. This is remarkable 
because we evaluated ST segment changes in Frank 
lead X only. The processing of the electrocardio- 
graphic variables by computer and the exclusion of 
data from women in this study probably account for 
this excellent result.”” 

Surprisingly, the method with the lowest diagnos- 
tic accuracy was the exercise score. But in theory 
some features of this score are appealing. Its use of 
the cumulated changes in J point and ST segment 
slope during the full test period seems to be attrac- 
tive, because this will reduce errors inherent in single 
measurements at peak exercise. On the other hand, 
the test score was adversely affected when there was 
low exercise capacity not caused by cardiac factors or 
when other disorders precluded normal exercise 
capacity. Such conditions are common in middle 
aged patients with symptoms and to some extent 
could explain the relatively poor performance of the 
exercise score in this study. In addition, exercise 
capacity, which was a relatively unimportant variable 
in the discriminant analyses, was included in the 
exercise score. Also, the J point amplitude in the 
numerator of the equation was not the most accurate 
of the various electrocardiographic variables studied. 
The results of another study in which ST segment 
measurements were taken at 80 ms after J instead of 
at the J point were also disappointing.** There were 
important differences between the exercise score in 
this study and its original description by Hollenberg 
et al. Although the tests in both studies were 
symptom limited and the workload was increased in 
stages in both, the two methods cannot be directly 
compared; we used bicycle ergometry and they used a 
treadmill. 

Earlier, we reported a sensitivity of 84% and a 
specificity of 88% when ST measurements at 20 and 
80 ms and instantaneous heart rates in Frank lead X 
were combined. In the current population, the 
diagnostic accuracy of the method was lower 
(sensitivity 74%, specificity 90%): in addition, the 
usefulness of the method was strongly influenced by 
the use of 8 blockers during exercise, which makes it 
less reliable than the other methods tested. 

In the current comparison of various diagnostic 
approaches to exercise tests in men with a normal 
electrocardiogram at rest, the most complex tech- 
nique considered, the discriminant function as des- 
cribed by Detry et al, was the most accurate. The 
simplest analysis, the adjustment of the ST segment 
amplitude changes for heart rate, came second. 
Neither method was affected by the use of £ blockers 
during exercise. Because the workload contributes 
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little to the strength of the discriminant analysis, 
both techniques rely most on the same haemo- 
dynamic and electrocardiographic variables—heart 
rate and ST segment depression. These variables 
were also associated with the presence or absence of 
coronary disease in other studies, even when clinical 
variables were taken into account.” Thus discrimi- 
nant analysis and ST segment changes adjusted for 
heart rate are both good methods for the diagnosis or 
exclusion of coronary artery disease in men. When 
computer facilities are not available, measurement of 
ST amplitude adjusted for heart rate is the most 
appropriate choice of analysis. 
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Physiological hypertrophy of the heart and atrial 
natriuretic peptide during rest and exercise 
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SUMMARY The influence of physiological cardiac hypertrophy on the concentration of plasma 
atrial natriuretic peptide was studied in six male athletes and six normally active, matched control 
men. They were examined by echocardiography during a graded exercise test on a bicycle 
ergometer. Plasma atrial natriuretic peptide was measured at rest, at each workload until 
exhaustion, and 15 and 30 minutes after the exercise test. Echocardiography showed that the 
athletes had a significantly larger left atrium, left ventricular end diastolic diameter, left ventricular 
posterior wall, interventricular septum, left ventricular ejection fraction, and left ventricular mass 
than the controls. The athletes performed significantly more work than the control group—325 W 
v 277 W. The plasma concentration of atrial natriuretic peptide rose by a mean factor of 2-76 (range 
1:78-4:28) in all men from rest to maximum exercise. There were no differences between the 
athletes and the controls in the concentrations of plasma atrial natriuretic peptide at rest, at any 
workload, or at maximum workload. Neither was there any difference in the increase in plasma 
atrial natriuretic peptide between the groups. There was no correlation between the plasma 
concentrations of atrial natriuretic peptide and any of the variables measured by echocardiography. 

In healthy young men plasma atrial natriuretic peptide rises by a factor of about 2:8 during 
maximum exercise and the size of the chambers on the left side of the heart or left ventricular 
hypertrophy does not seem to influence the concentration of plasma atrial natriuretic peptide at rest 
or during exercise. 


Atrial natriuretic peptide is a circulating hormone Patients and methods 


secreted by the atrial myocytes of the heart. It is 


released in response to increased atrial pressure,’ 
which is generally equal to increased stretch and 
dilatation of the atrial wall. Plasma atrial natriuretic 
peptide rose during exercise.” 

The term ‘‘athelete’s heart’? was introduced by 
Henschen in 1899.’ In this condition all the chambers 
of the heart are dilated and there is hypertrophy of 
the myocardium due to physical training.‘* 

The purpose of this study was to determine 
whether the hypertrophy and dilatation of the heart 
seen in well trained persons influence the plasma 
concentration of atrial natriuretic peptide at rest or 
during exercise. 
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We studied six male footballers who trained stren- 
uously and six normally active healthy matched 
controls (aged 21-30 years). None was taking medical 
treatment. The controls did not participate in any 
form of athletics for more than four hours a week. 
They all gave informed consent and the study was 
approved by the local ethics committee. 

All of the investigations were undertaken between 
3 pm and 7 pm. Echocardiography, with cross 
sectional and M mode recordings, was performed 
with a Hewlett Packard 77020A ultrasonograph and a 
3-5 MHz transducer on men in the supine position. 
All the M mode measurements originated from three 
or four consecutive cardiac cycles graded according 
to the system of the American Society of Echocar- 
diography.° Calculations of the left ventricular ejec- 
tion fraction and the left ventricular mass were based 
on the assumption that the left ventricle is ellipsoid.’ 
We took Henry et al’s data as normal values,’ except 
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for the calculation of the left ventricular mass, where 
we used the formula: left ventricular mass 
= 43-62 + 2-18  weight(kg). The upper normal 
limit was +2 standard deviations (that is the left 
ventricular mass plus 30%).° 

The men had fasted for two hours before the 
exercise test and a cannula was inserted in an 
antecubital vein 30 minutes before the test. An 
electrocardiogram and auscultation of the heart were 
obtained before the test. 

The subjects sat on the bicycle ergometer after a 30 
minute rest in the supine position then blood pres- 
sure and pulse rate were measured. Graded exercise 
was performed by increasing the workload by 60 W 
every three minutes, starting at 120 W and continu- 
ing until exhaustion. Blood pressure and pulse rate 
were measured and a blood sample was drawn during 
the last 60 seconds of each work period and at 15 and 
30 minutes after maximum exercise with the subject 
resting on the bicycle or a chair. Blood pressure was 
measured by the standard cuff technique. 

Samples were collected in tubes coated in edetic 
acid and containing aprotinin (500 IU/ml blood) and 
kept in an ice bath. After centrifugation for 15 
minutes at 7000 rpm at 4°C, the plasma was stored at 
minus 20°C. Concentrations of plasma atrial 
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natriuretic peptide were measured by a kit from INC 
Holland by radioimmunoassay after extraction on 
Sep-Pak C-18 cartridges.” We have tested the kit in 
our laboratory: intra-assay and interassay variation 
did not exceed 5% and 10%, respectively, within the 
useful range (B = 15-85% of B, where B is the count 
for the standard (or sample) and B, is the count for 
the standard without atrial natriuretic peptide). 
Recovery of added atrial natriuretic peptide was 
99%. Sensitivity was 08 pg/tube (4 pg/ml (1-3 
pmol/l) plasma). 

Statistical analysis was performed by Student’s t 
test for paired and unpaired data. The dependence of 
the plasma concentration of atrial natriuretic peptide 
on the amount of work was examined by analysis of 
variance on the logarithm of the plasma concentra~ 
tion of atrial natriuretic peptide (figure). A p value 
<0-05 was considered to be significant. 


Results 


Age, weight, and body surface area were similar in 
the trained and the untrained groups. 

Table 1 shows echocardiographic results. The left 
ventricular mass was bigger in the athletes 
(p < 0-0001). Each athlete had a calculated left 
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Figure Response of plasma concentration of atrial natriuretic peptide (on a logarithme scale) to graded exercise on a bicycle 
ergometer. Closed circles, athletes; open circles, untrained controls; double circles, maximum exercise. 1 pg/ml of atrial 


natriuretic peptide = 0-325 pmoljl. 


Physiological hypertrophy of the heart and atrial natriuretic peptide during rest and exercise 


Table 1 Measurements in athletes and controls (mean 
(SD)) 





Athletes Controls 


(n= 6) (n=6) P 

Age (yr) 258(2:3) 242(42) 04 
Height (cm) 182(7-4) 182 (3 8) 09 
Weight (kg) 157(87) 735(73) 07 
Body surface area (m°) 197(0-15) 194(011) 07 
Pulse rate. 

At rest 60:3(08) 950(187) 0001 

At maximal work 187 (13-7) 192 (7 5) 0-5 
BP(s) 

At rest (mm Hg) 121 (11) 118 (10) 0-7 

At max work (mm Hg) 195 30} 185 (15) 0 26 
Maximal work (W) 325 (30 277 (27) 001 
Left atrium (mm) 352(1-7) 30-7 “ 1) 003 
LV ESD (mm) 348(33) 338720) 05 
LV EDD (mm) 558(49) 477(29) 0 005 
Intervencricular septum (mm) ois 8-33(10) 001 
LV posterior wall (mm) 110 an 867(08) 0001 
LV fractional sho: (%) 377 B 290(25) 0-001 
LV ejection fraction (% 76:8 (38) 67-1 (3-2 0001 
LV mass (g) 299 (28) 170 (15) <0 0001 


BP(s), systole blood pressure, LV, left ventricular, ESD, end 
systolic diameter, EDD, end diastolic diameter. 


ventricular mass that was above normal (2 11- 
4-08 SD above normal mean), whereas all the con- 
trols had a left ventricular mass within the normal 
range (-+ 2 SD of normal mean). The diameters of the 
left atria did not exceed the normal range. The 
calculated left ventricular fractional shortening and 
ejection fraction were below the upper normal limits. 

The athletes had a larger left atrium, a larger left 
ventricular end diastolic dimension, thicker 
interventricular septum and left ventricular posterior 
wall, and a greater left ventricular fractional shorten- 
ing than the control group. The left ventricular end 
systolic dimension was similar in both groups. 

The pulse rate at rest was higher in the non- 
athletes than in the athletes, probably because the 
non-athletes were more nervous before the exercise 
test. The blood pressure both before and during the 
exercise test was similar in the two groups. As 
expected the athletes reached a higher maximum 
workload. 


Table 2 Plasma concentration of atrial natriuretic peptide 
at rest and at maximum work in athletes and non-athletes 
(mean (SD) ) 


Athletes Controls 
P-ANP (n = 6) (n = 6) f 
At rest (pg/ml) 414(321) 280(121) 06 
At max work (pg/ml) 90 6 (52-1 745(10 1) 0-5 
Increase (pg/ml) 49-2 (22-4 465(913) 08 
Factort 2-57 (0-94)  295(092) 05 


P-ANP, plasma atrial natriuretic peptide. 
*P-ANP at maximal work — P-ANP at rest. 
+P-ANP at maximel work/P-ANP at rest. 

1 pg/ml = 0 325 pmol/l. 
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The figure shows the values of the plasma atrial 
natriuretic peptide on a logarithmic scale for the 
athletes and the controls before, during, and after 
exercise. Both the untrained and trained men had a 
significant rise in the concentration of atrial 
natriuretic peptide during exercise. There were no 
differences between the two groups in plasma con- 
centrations of atrial natriuretic peptide at rest, at any 
workload, at maximal workload, or after the exercise. 
The factor by which the plasma atrial natriuretic 
peptide concentration rose during the exercise test 
was similar in both groups (table 2). Therefore the 
data were pooled in order to obtain plasma concen- 
trations of atrial natriuretic peptide for all the healthy 
young men both at rest and at maximum workload 
(table 3). 

There was no correlation between the plasma 
concentration of atrial natriuretic peptide at rest and 
any of the variables measured during echocardio- 

graphy (r < 0-36, p > 0:25). Despite the fact that 
atrial natriuretic peptide 1s produced in the atrial wall 
the correlation between plasma atrial natriuretic 
peptide and the diameter of the left atrium was only 
0:21 (p = 0-5). Further, both the blood pressure and 
the pulse rate were correlated poorly with the plasma 
concentration of atrial natriuretic peptide. 


Discussion 


It is known that the heart 1s hypertrophic and dilated 
in well-trained athletes.*° In our male athletes we 
found a significantly increased diastolic cavity 
dimension, left ventricular posterior wall, nterven- 
tricular septal thickness, left ventricular ejection 
fraction, and left ventricular mass compared with our 
untrained controls. These observations have been 
described earlier."!? 

We were unable to show any difference in the 
plasma concentration of atrial natriuretic peptide 
between the trained and the untrained group, even 
though the heart was significantly larger in the 
athletes than in the control subjects. 

Physiological hypertrophy of the heart, as seen in 
athletes after a period of intensive training, does not 
seem to influence the plasma concentration of atrial 


Table 3 Plasma concentrations of atrial natriuretic peptide 
(P-ANP) at rest and maximal work m 12 healthy young 
men 


P-ANP Mean SEM Range 

At rest (pg/ml) zi 697 14 5-965 
At max work (pg/ml) 825 10 6 51 5-172 
Increase (pg/ml) 478 -473 27 5-78 5 
Factor 276 026 ~ 1784-28 


See foomote to table 2. 
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natriuretic peptide or the release of atrial natriuretic 
peptide during exercise. 

It is known that excretion of plasma atrial 
natriuretic peptide increases during exercise.?™ 
Plasma atrial natriuretic peptide is controlled by 
stretch receptors in the left and right atria of the 
heart. The plasma concentrations of atrial natriuretic 
peptide during chronic or acute cardiac failure 
correlated with pulmonary capillary wedge pres- 
sure.'*!® Because pulmonary capillary wedge pres- 
sure increases during exercise," the rising concentra- 
tions of plasma atrial natriuretic peptide dumng 
exercise may be a response to the stretch that results 
from the increased pressure in the left atrium. The 
plasma concentrations of atrial natriuretic petide did 
not differ in the athletic and non-athletic groups in 
our study. This suggests that there was no difference 
in the left atrial pressure between the two groups 
either at rest or during exercise. As far as we know 
this has not been reported before. 

Although the left atrium was larger in the athletes 
than in the controls, the correlation between this 
enlargement and plasma concentrations of atrial 
natriuretic peptide at rest was only minor and not 
statistically significant. A similarly poor correlation 
between the left atrium measured by echocardio- 
graphy and the plasma concentration of atrial 
natriuretic peptide (r = 0-28, p > 0-2) was des- 
cribed in 30 patients with various heart diseases or no 
heart disease at all, who were referred for routine 
echocardiography,” whereas a good correlation 
(r = 0°61, p < 0-01) between the size of the left 
atrium and the plasma concentration of atrial 
natriuretic peptide was reported in 14 patients with 
various organic heart diseases." The plasma concen- 
tration of atrial natriuretic peptide may therefore 
reflect the size of the left atrium in the sick and failing 
heart, while the size of the left atrium is of little, if 
any, importance to the plasma concentration of atrial 
natriuretic peptide released by the healthy heart. 

In patients with chronic heart failure, the heart 
works harder, and this will result in a hypertrophy of 
the heart. A production of atrial natriuretic peptide in 
this condition might be detected not only in the 
myocytes of the atma, but also ın the ventricular 
myocytes.'"*” The mechanisms responsible for the 
ventricular production are unknown. As in the atria, 
stretching of the muscle wall may trigger the produc- 
tion of the peptide by the ventricle.” It has been 
suggested that the higher concentrations of the 
peptide in the failing ventricles may be the result of 
hypertrophy. Our results indicate that hypertrophy 
does not initiate a production of natriuretic peptide in 
the ventricles sufficiently to increase significantly the 
concentration of plasma atrial natriuretic peptide 
above that in normal people with non-hypertrophic 


Svanegaard, Angelo-Ntelsen, Hansen 


hearts. 

We conclude that plasma atrial natriuretic peptide 
increases by a factor of about 2-8 during maximum 
exercise in healthy young men. Neither the size of the 
chambers of the left side of the heart nor left 
ventricular hypertrophy seem to be important to the 
concentration of plasma atrial natriuretic peptide 
during rest and exercise. 


This study was supported by grants from the medical 
research council of the county of Funen. Statistical 
support was obtained from the Danish Medical 
Research Council. 
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Clinical course of endomyocardial fibrosis 
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SUMMARY ‘The survival pattern, morbidity, and clinical course of 145 patients with endomyo- 
cardial fibrosis who were followed up between November 1975 and June 1987 were studied. The 
diagnosis was confirmed in all cases by cardiac angiography, or echocardiography, or necropsy. 
Percentage survival at the end of one and 9-5 years was 76-11 and 26-35 respectively. 

History, physical examination, electrocardiography, and cardiac catheterisation were studied at 
the first presentation. The determinants of early mortality were studied by univariate Kaplan- 
Meier estimates compared by the log rank test and Cox proportional hazards multiple regression 
analysis. Significant univariate predictors of early mortality were QRS axis above +90°, 
intraventricular conduction delay (QRS duration >0-12s), duration of symptoms before 
presentation, New York Heart Association functional classes III and IV, presence of embolic 
episodes, right atrial mean pressures >20 mm Hg, right ventricular end diastolic pressure 
> 20 mm Hg, and aortic oxygen saturation <85%. The significant multivariate predictors of 
mortality were cyanosis, New York Heart Association functional class at first presentation, and 
right atrial mean pressure > 20 mm Hg. 

The bleak prognosis of endomyocardial fibrosis did not substantially improve despite advances 


in the medical management of congestive cardiac failure during the period of the study. 


Endomyocardial fibrosis has been extensively 
characterised in terms of clinical,’ radiological,’ and 
echocardiographic features,’ and its surgical man- 
agement standardised in recent years.‘* There have, 
however, been few studies on its clinical course.° We 
report on the clinical course of endomyocardial 
fibrosis in the south western state of Kerala in India, 
where the disease is prevalent. 


Patients and methods 


One hundred and forty five patients in whom the 
diagnosis was confirmed by cardiac angiography 
(121), echocardiography (2), or necropsy (17) or both 
angiography and necropsy (5) and who were followed 
from November 1975 to June 1987 form the basis of 
this report. Forty six patients who were treated by 
endocardiectomy and valve replacement during the 
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same period were excluded because they were the 
subject of a detailed report.* 


CLINICAL FEATURES 

Table 1 lists the clinical features of patients in the 
present series. The mean (SD) age of the patients at 
first presentation was 26-3 (14-1) years for women 
(n = 70) and 21-1 (11-9) years for men (n = 75); 
33:1% were under 15. Thirty one (21%) patients had 
had symptoms for less than 2 years before presenta- 
tion to the hospital. Seventy two (49.7%) were in 
New York Heart Association functional classes III 
and IV at first presentation. The proportion of 
patients with right and left heart failure was the same 
at first presentation (37-:9%). Apart from atrial 
fibrillation, arrhythmias were uncommon in these 
patients. Ventricular extrasystoles were seen in five 
(3-4%). Sixteen (11-03%) of the patients were 
anaemic (haemoglobin <100 g/l). The large propor- 
tion of patients belonging to the New York Heart 
Association classes III and IV (49-7), with ascites 
(400%), peripheral oedema (24-8%), cardiothoracic 
ratio > 60% (57-2%), and other features show how 
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Clinical course of endomyocardial fibrosis 
Table 1  Clutical profile of 145 patients with 





endomyocardial fibrosts at first presentation 

Vanable Percentage 
Febrile illness at onset 97 
Atypical or anginal chest pain 131 
Duration of symptoms <24 months 214 
Swelling of the lower lumbs 248 
New York Heart Association classes HHI and IV 497 
Below the age of 15 years 331 
Right heart failure at first presentation 379 
Left heart failure at first presentanon 37-9 
Cyanoss 159 
Ascites 400 
Clubbing of digits 11-0 
No murmurs at first presentation 262 
Cardiothoracic ratio > 0 6 572 
Haemoglobin <100 g/l 11-0 
Absolute eoarmophil count > 2000/1 117 
Atrial fibrillation 324 
Ventricular extrasystoles 34 
Junctional rhythm, or heart block 34 
Right axis deviation (> + 90°) 317 
Intraventricular conduction delay (QRS >0 12 s) 214 


severe and advanced the disease was when the 
patients sought medical attention. The distribution 
of eosinophil counts in the patients varied as follows: 
0-500/pl, 54 (37-2%); 501-1000/ul, 30 (20-7%); 
1001--1500/4l; 25 (17:2); 1501-2000/ul, 19 (13-1). 
Eosinophilia of >2000/ul was seen in 17 patients 
(11-7%). 


ECHOCARDIOGRAPHY : 
Echocardiographic data were available in 86 patients. 
The mean (SD) left ventricular internal dimensions 
in diastole and systole were 4-17 (1-19) cm and 2-9 
(1-07) cm respectively. Pericardial effusion was 
present in 35 (40-7%), intracavitary thrombi in 11 
(12:8%), and myocardial calcification in 16 (18:6%) 
patients. 


CARDIAC CATHETERISATION 
Right and left heart catheterisation was performed in 


126 patients and the cardiac -output and index 


calculated by the Fick method. Diagnosis of 
endomyocardial fibrosis was established in these 
patients on the basis of angiographic features.’ Table 
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2 summarises the data from cardiac catheterisation 
and angiography. 


FOLLOW UP 

All patients were regularly followed every 6 months 
by prior appointment. Patients were also referred by 
the local physician or came.on their own because of 
symptoms. Patients who did not attend were sent at 
least three postal reminders. Information on deaths 
at home was available from the relatives of 21 
patients. Nineteen patients were lost to follow up 
during the first year. Repeat angiograms were per- 
formed in twelve patients during the follow up 
period. 


STATISTICAL ANALYSIS 

All patient variables for those surviving one year and 
those who died were compared by a t test for 
quantitative data and a 7° test for qualitative data. 
The significant variables in this analysis were chosen 
for the log rank test. Nineteen clinical variables and 
seven haemodynamic ones (from cardiac catheterisa- 
tion) were analysed for their impact on survival by 
the log rank test." 

Cox proportional hazards multiple regression 
analysis’ was also applied to the variables studied by 
the log rank test. We used a BIOSTAT program. 

Cox proportional hazards regression analysis of 
the seven haemodynamic variables was also carried 
out in patients with predominant involvement of the 
right ventricle and of the left ventricle. 

Programs were written in CDC Cyber Fortran IV 
language. The linearity assumption was validated by 
the analysis of variance technique, and the sig- 
nificance of the predictor vanables was studied by the 
F test. 


Results 


During the follow up of 334 patient years, 25 embolic 


` episodes of- the- territories of the iliofemoral (6), 


pulmonary (10), carotid (8), and mesenteric arteries 
(1) developed in 24 patients. Three of the patients 
presenting without murmurs developed regurgitant 


Table2 Data (mean (SD)) from cardiac catheterisation m 126 patients with endomyocardial fibrosis 





Involvement of 
Predominant Total contralateral Mean RA Mean Mean PA mean 
urvolvement number ventricle pressure RVEDP LVBDP pressure 
RV 66 56 18-04 (6 10) 18 30 (6 20) 15 19 (6-30) 2415(14 on 
LV 45 33 11 40 (7 50. 15-44 (9 40) 23 27 (8 30) 38 34 (18 01 
BV 15 15 14 10 (B 44) 19 16 (10-16) 24 53 (6 50) 33 46 (12 60) 





RV, right ventricular endomyocardial fibrosis; LV, left ventricular endomyocardial fibrosis; BV, biventricular endomyocardial fibrosis, 
RA, right atrial, LVEDP, left ventricular end diastolic pressure; RVEDP, nght ventricular end diastolic pressure; PA mean, pulmonary 


artery mean pressure. 
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Table3 Cause of death in 66 patients with endomyocardial 
fibrosis who died during follow up of 11 years 7 months 


No Percentage 

Congestive cardiac failure 16 242 
Severe right ventricular failure, hepatic 

coma 9 136 
Embolic phenomena 11 167 
Terminal arrhythmias 6 9-0 
Unknown causes (death at home informed 

by letter) 21 318 
Others* 3 45 





*Meningitis (1), Drug allergy (1), chronic obstructve airway 
disease (1). 

murmurs after a year of follow up. Eleven developed 
ascites, four atrial fibrillation, and four evidence of 
ventricular hypertrophy on the elctrocardiogram at 
varying intervals after the first presentation. 

Of our series of 145 patients, 66 died during the 
follow up period of 334 patient years. Table 3 shows 
the causes of death. Of the 66 deaths, 32 occurred 
during the first year of follow up (25:-4%). The 
survival rate was 76:1% at the end of one year, 68:0% 
at 2 years, 35-6% at 5 years, and 26:4% after 9-5 years 
(figure). 


NECROPSY 

Necropsies were performed in 22 patients who died 
in the hospital.” Eighteen had obliteration of both 
ventricular cavities. The trabecular portion and 
papillary muscles were seen to be particularly vul- 
nerable to fibrotic changes. The causes of death in 
this group were congestive cardiac failure, broncho- 
pneumonia, or embolic episodes. Cavity obliteration 
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Surowal curve (Kaplan-Meier) of 145 patients with 
endomyocardial fibrosis. Numbers are individuals at risk. 


of the right ventricle alone was seen in three patients. 
In one, the left ventricle alone was affected. In two 
who were diagnosed to have pure left ventricular 
endomyocardial fibrosis at angiography, necropsy 
showed obliteration of the apex and some 
involvement of the trabecular portion of the right 
ventricle. 


UNIVARIATE ANALYSIS 

The factors significantly affecting survival were 
considerable anaemia (haemoglobin < 100 g/l), 
development of embolic episodes, QRS axis more 
than +90°, delayed intraventricular conduction 
(QRS duration >0-12 s), New York Heart Associa- 
tion classes III and IV, a short symptomatic history 
before admission to hospital, the presence of cyan- 
osis, and left and/or right ventricular failure at first 


Table 4 Selected climcal variables that were significant in umvartate analysis in 145 patients with endomyocardial fibrosis 





Prognostic factor No 


Duration of symptoms before presentation: 

<24 months 31 

>24 months 114 

Absent 122 

Present 23 
Haemoglobin: 

<100 g/l 16 

> 100 g/l 129 
QRS axis: 

<+90° 99 

> +90 46 
Intraventricular conduction delay QRS duranon(s). 

<0-12 114 

>0-12 31 
New York Heart Association class. 

Tand I 73 

IN and IV 72 
Embolic phenomenon: 

Absent 120 

Present 25 


*Log rank test of Kaplan-Meier esumates. 


Percentage surorval 

At I year At 2 years At 5 years p value* 
38 14 None None 

83 68 77 32 40 46 <001 
80 83 71 46 36 93 

46 99 39-16 31-32 <001 
36 45 27 34 13 67 

80 45 73 27 40 14 <001 
82-56 TI 36 47-78 

6177 48 03 8-89 <001 
80-14 72-34 42 92 

605 515 19 20 <001 
827 75 59 47 09 

65-34 59 55 23 42 <00! 
80 99 747 38 56 

45-72 28 58 19 05 <001 


fy 


Clinical course of endomyocardial fibrosis 
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Table 5 Umvariate analysis of 126 catheterised patents uth endomyocardial fibrosis (mortality determinants by log rank 


test of Kaplan-Meier estimates) 


Vanable No % surorval at 1 year 
rae Hg 93 837 
mm 
= 2a mim Hg 33 572 
<20 mm Hg 90 877 
>20 mm Hg 36 480 
LVEDP: 
<15 mm Hg 56 792 
>15 mm Hg 70 741 
Aortic oximetry: 
<85% 14 606 
>85% 112 78-1 


%, survival at 2 years % survroal at 5 years p 


687 425 

36 4 194 <001 
72-1 397 

31-5 157 <001 
61-6 39-8 

595 274 NS 
43-3 108 

626 43-5 <001 


RA, Right atrial; RVEDP, right ventricular end diastolic pressure; LVEDP, left ventricular end diastolic pressure. 


presentation (table 4). The analysis showed that age, 
sex, and predominantly right or left ventricular 
endomyocardial involvement had no effect on 
survival. 

The haemodynamic data showed that right atrial 
mean pressures > 20 mm Hg, right ventricular end 
diastolic pressure >20 mm Hg, and aortic oxygen 
saturation of <85% were associated with 
significantly shorter survival (table 5). The value of 
left ventricular end diastolic pressure, pulmonary 
artery mean pressure, aortic mean pressure, and 
pulmonary artery oxygen saturation had no sig- 
nificant effect on survival. 


MULTIVARIATE ANALYSIS 

The most important multivariate predictors of 
survival were cyanosis, New York Heart Association 
class at first presentation, and right atrial mean 
pressures above 20mm Hg (table 6). Because 
separate analysis of the predominant involvement of 
the right and left ventricular endomyocardial fibrosis 
did not yield any significant information, the results 
of analysis of pooled data are presented. 


PROGRESSION OF ENDOMYOCARDIAL FIBROSIS 

Twelve patients had repeat cardiac catheterisation 
over a period of 2-3 years. Of these, eight had 
angiographic progression of the disease. Three 
showed advancement of the disease in the same 
ventricle and five had new involvement of the 
previously uninvolved ventricle during the repeat 


Table6 Cox proportional hazards multivariate analysis of 
chmcal and haemodynamic determanants of mortahty 





Vanable p vahie 

oone praa or absent 0 093 
ght atrial mean pressure> <20 mm Hg 0 002 

NYHA class I and I v III and IV 0 008 





NYHA, New York Heart Association. 


study. Three patients with left ventricular disease 
developed partial right ventricular obliteration 
within 12, 24, and 28 months respectively. Two of 
them also developed tricuspid regurgitation. Left 
ventricular apical obliteration developed within 12 
months in two patients with right ventricular disease; 
mitral regurgitation also developed ın one. 


Discussion 


Previous reports on the clinical course of 
endomyocardial fibrosis were generally based on the 
study of smaller numbers of patients. The main 
objective of the present study was to follow the 
natural history of patients with endomyocardial 
fibrosis after their first presentation to the hospital. 
Our present data suggest that the disease has a less 
unfavourable course than what was previously 
reported by D’Arbela et al who noted that 43:5% of 
their patients died in the first year of follow up with 
the death of a majority of patients taking place in 3-4 
years.” Parry and Abrahams followed patients with 
endomyocardial fibrosis and found their clinical 
course to be varied and marked by rapid deteriora- 
tion, chronicity, or acute on chronic manifestations.‘ 
We have noted similar patterns of survival in the 
present study. The early deaths among patients 
presenting with a clinical history of less than two 
years which proved to be a significant univariate 
predictor of mortality suggested a more severe and 
rapidly fatal form of endomyocardial fibrosis distinct 
from the chronic form of the disease. It is also 
possible that the first two years after the onset of 
symptoms represented the acute phase of the disease 
and patients who survived this stormy period might 
progress to a chronic “‘burnt-our’” phase with longer 
survival. The grave prognosis of the acute phase is 
corroborated by the series of D’Arbela and 
colleagues who reported that 43-5% of their patients 
died during the first year. 
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We found cyanosis to be a significant multivariate 
determinant of survival. The restriction of ven- 
tricular compliance and the high right ventricular 
end diastolic pressure, which stretches open the 
foramen ovale and causes a right to left shunt, 
explains the prognostic significance of cyanosis. 

Among the significant electrocardiographic 
criteria for survival, a QRS axis of more than + 90° is 
likely to be caused by dilatation of the right ven- 
tricular outflow tract with delayed activation of that 
region or right ventricular preponderance secondary 
to severe pulmonary hypertension. Right ventricular 
failure at first presentation as shown by raised right 
ventricular end diastolic pressure was also shown to 
influence survival adversely. 

In common with other reports on endomyocardial 
fibrosis from Kerala”? we found no significant eosino- 
philia in the present series. Statistical analysis did not 
show eosinophilia to be a significant determinant of 
survival. 

Surprisingly left ventricular end diastolic pressure 
and pulmonary artery mean pressure were not found 
to be significant determinants of early mortality 
when analysed separately even in predominantly left 
ventricular endomyocardial fibrosis. We speculate 
that this paradoxical finding may be due to the early 
stage of the disease, when patients with left ven- 
tricular endomyocardial fibrosis tend to seek medical 
attention with distressing symptoms like dyspnoea. 
In contrast, patients with right ventricular 
endomyocardial fibrosis approach hospitals at a late 
stage with advanced features of the disease such as 
obliteration of the right ventricular inflow and frank 
right ventricular failure. It seems that raised left 
ventricular end diastolic pressure and pulmonary 
artery mean pressure are subsumed by the early 
phase of the disease when the functional reserve of 
the left ventricle is substantially unimpaired. 

Echocardiography has several limitations in quan- 
tifying the morphological changes in endomyocardial 
fibrosis and seems to be a weak tool in the prediction 
of survival. For example, an irregularly shaped 
chamber may give inaccurate measurements of left 
ventricular dimensions at the chordal level because 
the apical portion of the ventricle alone may be 
involved by fibrosis in the initial stage of the disease. 

Several factors were shown to influence signifi- 
cantly the course of patients with endomyocardial 
fibrosis in the present series but predominant 
involvement of a particular ventricle was not one of 
them. This is probably because endomyocardial 
fibrosis is essentially a biventricular disease—both 
angiography and necropsy show fewer cases with one 
affected ventricle. Furthermore, the angiographic 
progression of the disease towards the involvement of 
the previously unaffected ventricle in five cases also 
points to the biventricular nature of the disease. 
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Even though the grave prognosis of endomyocar- 
dial fibrosis has long been known, we attempted to 
identify the determinants of survival on the basis of 
clinical, haemodynamic, necropsy, and follow up 
data in 145 patients in the south western state of 
Kerala in India. In an earlier report from this 
institution, two year survival among 46 patients who 
underwent endocardiectomy and valve replacement 
was 67% and 29 patients showed a significant 
improvement in their functional class.* The survival 
rate at 5 years and 8 months was 60:8% . It seems that 
the outcome in surgically treated patients is better 
than their medically treated counterparts who are 
reported in the present study. 


PNG thanks the Indian Council of Medical Research 
for financial support. We thank the Institute for the 
use of facilities in the study and the Vikram Sarabhai 
Space Centre for the use of the computer. 
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Right ventricular function 10 years after the Mustard 
operation for transposition of the great arteries: 
analysis of size, shape, and wall motion 
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DEREK G GIBSON, ELLIOT A SHINEBOURNE 


From the Brompton Hospital, London 


SUMMARY Biplane right ventriculograms were obtained in 18 symptom free patients 109 (26) 
months (mean (SD)) after Mustard repair of transposition of the great arteries. Ventricular size, 
shape, and wall motion were measured from the digitised angiograms and compared with 
previously published data on left ventricular function after anatomical correction of transposition 
of the great arteries, with right ventricular function in controls, and with patients before repair of 
tetralogy of Fallot. Global indices of ventricular function were depressed after Mustard repair and 
wall motion abnormalities were common. The presence of wall motion abnormalities in this group 
was associated with a reduction in ejection fraction and ventricular filling rates. In four of five 
patients in whom an appropriate preoperative angiogram was available a similar pattern of wall 
motion was seen before the Mustard operation, suggesting that preoperative events may be 


important in determining eventual outcome. 


The choice between intra-atrial repair! or anatomical 
correction” for patients with transposition of the 
great arteries remains a subject of debate. Few would 
question the considerable impact that intra-atrial 
procedures have had on early and mid-term survival 
in these patients,’* but the ability of the right 
ventricle to function adequately as the systemic 
pumping chamber in the long term was questioned 
after earlier reports of right ventricular dysfunction 
after these operations.°* Anatomical correction has 
the theoretical advantage of restoring the left ven- 
tricle as the systemic ventricle. Indeed several post- 
operative studies showed global left ventricular func- 
tion that almost equalled that of the normal left ven- 
tricle.*'° The higher early mortality of the operation 
was perhaps its biggest drawback, but with improved 
surgical techniques the operation is being performed 
earlier in life, and surgical mortality has improved. 
Comparisons of functional results after these opera- 
tions are therefore of increasing importance. 

In this study, data on right ventricular function 
were obtained from a large group of patients studied 
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7-10 years after a Mustard operation for simple 
transposition of the great arteries. We compared 
these data with our earlier data on right ventricular 
function in controls," in patients with right ven- 
tricular pressure load,? and with left ventricular 
function studied early after anatomical correction." 


Patients and methods 


PATIENTS AFTER THE MUSTARD PROCEDURE 
This group consisted of 18 patients (mean (SD) age 
118 (24) months) studied 109 (26) months after a 
Mustard operation for repair of transposition of the 
great arteries. They were the group with the longest 
follow up at the Brompton Hospital. All patients had 
either an intact ventricular septum or a small ven- 
tricular septal defect that was haemodynamically 
unimportant and did not require surgical closure. 
Seventeen of the patients had required balloon atrial 
septostomy during the neonatal period. The mean 
(SD) age at Mustard operation was nine (6) months. 
All were symptom free at the time of routine 
review in the outpatient department. Informed con- 
sent was obtained from the parents of each patient. 
Some of the patients in this group underwent, in 
addition, detailed haemodynamic studies, and this 
data is presented elsewhere.” 


455 


456 


PATIENTS AFTER ANATOMICAL CORRECTION 
This group consisted of 15 patients, nine with simple 
transposition of the great arteries and six with 
transposition and a large ventricular septal defect." 
They were studied 20 (15) months after anatomical 
correction. Their age at operation ranged from one 
day to 73 months. Those with simple transposition 
were operated on significantly earlier (p < 0-02, 
Mann-Whitney U test). Six patients had a significant 
obstruction of the right ventricular outflow tract 
(mean gradient 54 mm Hg), but no patient had 
obstruction of the left ventricular outflow tract or 
aortic regurgitation. Data from some of the patients 
in this group were included in an earlier report.” 


OTHER GROUPS 

We have earlier reported data on right ventricular 
function in 10 normal adults, and in 12 patients 
studied before repair of tetralogy of Fallot.'? These 
data gave us the opportunity to compare right 
ventricular function after the Mustard operation 
with right ventricular function under normal loading 
conditions and when the right ventricular pressure is 
at a systemic level. These groups are historical 
controls and conclusions drawn from such a compar- 
ison must be interpreted with caution. 


ANALYSIS OF ANGIOGRAMS 

Biplane right ventriculograms were obtained in 30° 
right oblique and 60° left oblique projections, and 
single plane left ventriculograms were obtained in 
30° right oblique projections. Our method of analysis 
has been reported in detail elsewhere.” Each ventri- 
culogram was digitised frame by frame and the 
following indices of function were derived from the 
stored data. 


(a) Ventricular volumes 

End diastolic, end systolic, and stroke volumes were 
measured from the volume-time curves and were 
normalised for body surface area (ml/m?). The ejec- 
tion fraction was calculated in the usual way. Ven- 
tricular filling and emptying rates were normalised 
by dividing by end diastolic volume. 


(b) Volume independent tndices 

Because it was difficult to compare volume depen- 
dent indices of right and left ventricular function in 
these patients, we analysed two further aspects of 
function in detail. The analysis of ventricular shape 
and regional wall motion has the potential advantage 
of being independent of absolute size and so may be 
of particular value in such a comparison. i 
Ventricular shape index.—This is a measure of the 
“roundness” of the cavity outline throughout the 
cardiac cycle. Derived as 4x cavity area/perimeter it 
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has a maximum value when the cavity outline is 
circular and a minimum value of 0 when there is 
complete obliteration of the cavity. During systole 
the normal left ventricle becomes less round, up to 
20% of its stroke volume being ejected as a result of 
shape change alone.'* The index has the advantage of 
being independent of ventricular size and has been 
used to examine changes in the mechanism of left 
ventricular ejection in babies and children.” ® The 
right ventricular end diastolic shape index was 
measured separately in the right anterior oblique and 
left anterior oblique views, and the change in the 
shape index during systole was taken as the difference 
between measurements at end diastole and at end 
ejection. 

Regtonal wall motion.—Isometric and contour plots 
of regional wall motion throughout the cardiac cycle 
were made for each patient. This method depends on 
defining 40 equally spaced points around the outline 
of the end diastolic cavity." From each of these 
points the nearest point on the end systolic outline is 
determined and the two points are joined. The 
position of the endocardium throughout the cardiac 
cycle was measured on each of these lines and 
expressed in millimetres from its end diastolic posi- 
tion. Thus 40 plots of endocardial motion through- 
out the cardiac cycle were generated. A three dimen- 
sional isometric display was produced by stacking the 
40 plots obliquely with each plot connected by 
isochrones representing successive cine frames, or 
alternatively a contour map was produced with each 
contour representing movement of the endocardium 
by 1 mm from the end diastolic position (fig 1). The 
times of end systole (taken as minimum cavity 
volume) and mital or tricuspid valve opening (corre- 
sponding to the cineframe in which unopacified 
blood first entered the ventricle) were marked on 
both displays. 

Left ventricular wall motion abnormalities were 
assessed by comparison with previously reported 
normal values.’* No normal data are available for the 
right ventricle for this method of display. Instead 
wall motion was said to be abnormal if wall motion 
plots taken from the right oblique projection showed 
systolic outward motion of more than 2 mm in three 
or more adjacent segments (dyskinesia); inward 
motion in more than 3 adjacent segments continued 
beyond the time of tricuspid valve opening 
(isovolumic abnormalities); or if there was less than 
2mm of inward motion of more than 3 adjacent 
segments (hypokinesia). 


STATISTICAL ANALYSIS 

Variables were expressed as the mean (1 SD). 
Comparison of group data was by Student’s ¢ tests 
when the data were normally distributed and by non- 
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Mable Individual data from the 18 patients after Mustard’s operation 


DIAUR UNH OOMBIYAUBRWHE [TS 


EDVI ESVI SVI PFR 
(min?) (mii) (mij) EF(%) (5°) 
82 19 63 76 37 
107 43 64 59 27 
T7 31 46 59 43 
89 34 54 6l 35 
78 49 29 37 138 
64 28 36 56 29 
104 TI 27 26 238 
53 27 26 49 39 
76 37 39 51 29 
60 16 44 B 55 
66 33 33 50 41 
70 51 19 27 L1 

107 64 43 40 11 
107 48 59 55 42 
126 85 41 32 179 
120 63 57 47 33 
72 44 28 38 27 
63 27 36 57 45 


ED 
1PFR PER tPER shapa 
(ms) (5) (ms) RR (ms) O 
110 2-16 240 950 87 

30 38 100 540 82 
40 53 100 460 82 
120 39 70 480 80 
90 12 100 820 91 
110 28 80 620 89 
40 11 90 300 90 
80 33 110 450 92 
50 37 150 500 90 
80 75 110 440 75 
60 3-9 90 400 85 
60 20 110 540 89 
100 23 120 800 78 
110 49 190 1100 94 
100 18 150 800 80 
100 26 200 980 92 
160 22 110 760 78 
110 3-4 110 500 94 
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IDVI, end diastolic volume index; ESVI, end systolic volume index; SVI, stroke volume index; BF, ejection fraction; PFR, peak filling rate; PER, peak 
jection rate; t, ume, RAO, right anterior oblique, LAO, left anterior oblique. 
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parametric tests (Mann-Whitney U test) when they 
were not. Correlation of variables was examined by 
linear regression by the method of least squares. 


Results 


The table shows data from individual patients after 
operation. The results below are given as means 
(1 SD). 


GLOBAL RIGHT VENTRICULAR FUNCTION 

No patient had significant tricuspid regurgitation. 
The end diastolic volume index was 84-4 (22) ml/m?. 
The end systolic volume index was 43 (19) and the 
stroke volume index was 41 (13-5) ml/m*. The 
ejection fraction ranged from 26 to 76% (mean 50 
(14)%3 seven patients had an ejection fraction of 
<50%. The peak filling rate, corrected for end 
diastolic volume, was 3-1 (1-2) s~! and correlated (r = 
0-76, p < 0-001) with the ejection fraction. A similar 
relation between peak ejection rate and ejection 
fraction was also found (r = 0-68, p < 0-001). 

The end diastolic shape index was 86 (6) in the 
right anterior oblique projection and 79 (7) in the left 
anterior oblique projection. The systolic shape 
change was 7:6 (5)% and 3:6 (4:3)% for right and left 
oblique projections respectively. 


REGIONAL RIGHT VENTRICULAR FUNCTION 

Examination of regional wall motion plots showed a 
“normal” pattern in nine patients (fig 1). The 
remainder showed one or more of the abnormalities 
described in the methods section. Of these nine 
patients, four had areas of hypokinesis, five showed 
areas of systolic dyskinesis (affecting the inflow 


portion of the right ventricle in four (fig 2), and there 
were isovolumic abnormalities in three, all of whom 
showed areas of inward wall motion after the time of 
tricuspid valve opening (fig 3). 

Comparison of the subgroup of nine patients with 
wall motion abnormalities with nine with a “normal” 
pattern showed differences in global function. The 
right ventricular ejection fraction was lower in those 
with abnormalities (40 (11-5) v 59 (9-5)%, p = 
0-0015) as was the peak filling rate (3-8 (0-9) v 2-4 
(1:2) s7', p = 0-018). There was a tendency for the 
end systolic volume index to be higher in those with 
abnormal wall motion (35 (15) v 52 (20) ml/m’, p = 
0-06). 

In view of these findings we studied the 
preoperative angiograms; 16 angiograms were avail- 
able for review, but unfortunately only five of these 
were of adequate quality and in an appropriate 
angiographic projection for subsequent analysis. One 
was from a patient with “normal” postoperative wall 
motion. The preoperative wall motion plots were also 
normal in this patient. The remaining four angio- 
grams came from patients shown to have post- 
operative wall motion abnormalities. Of these, one 
patient had “normal” preoperative right ventricular 
wall motion; the rest were abnormal. The similarity 
between preoperative and postoperative wall motion 
plots was striking, despite the long interval between 
studies. Figure 3 shows the isometric plots taken 
from preoperative and postoperative angiograms. 
Despite an interval of nine years, the two plots are 
similar. Both show areas of outflow tract hypo- 
kinesia, with peak inward movement of the inflow 
tract occurring after tricuspid valve opening. There 
was no relation between any of the indices and either 
age at operation or time from operation. 
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COMPARISON WITH OTHER GROUPS 

Left ventricle after anatomical correction'® 

The right ventricle was larger after a Mustard 
operation than the left ventricle was after anatomical 
correction at end diastole (anatomical correction 64 
(21) ml/m’), and end systole (anatomical correction 
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Right ventricular wall motion plot from a patient after Mustara’s operation, Wall motion is normal. 


18 (9) ml/m?). The ejection fraction was lower in the 
subgroup of patients with transposition and ven- 
tricular septal defect than in those with simple 
transposition (62 (9)% v 76 (10)°%) but the right 
ventricular ejection fraction after a Mustard opera- 
tion was lower than in the anatomical correction 
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Fig2 Right ventricular wall motion plot from a postoperative patient. There is an area of systolic dyskinesis (5 mm 


outward movement } of the inflow portion of the ventricle. 
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Fig3 Right ventricular wall monon plots from a patient 
before and eight years after a Mustard operation. The 
overall pattern of motion 1s stermlar with outflow tract 
hypokinesia and an area of apical dyskinesia. 


group as a whole (69 (10)%) and in the two sub- 
groups. The peak ventricular filling rate was much 
lower in the right ventricle after a Mustard operation 
(anatomical correction 7:6 (2-0)s), but the RR 
interval was longer in these patients. When corrected 
for heart rate the significant difference between the 
two groups persisted. 

The end diastolic shape index measured from the 
right anterior oblique view was similar in the two 
groups (anatomical correction 83 (6)%), but the 
change in shape during systole was less after the 
Mustard operation (anatomical correction 12-9 
(5:1)%), indicating possible differences in the 
mechanism of ejection in the two groups. 

Regional wall motion abnormalities were common 
after anatomical correction. These were discussed 
fully in an earlier report.° The most common 
abnormality was anterior hypokinesia, with delay of 
onset of inward wall motion of the affected segments. 
This pattern was seen in six of the patients in this 
study. In two other patients there was inferior 
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hypokinesia and segmental early relaxation during 
the isovolumic relaxation period, respectively. There 
was no difference in the frequency of wall motion 
abnormalities between the two groups. 


COMPARISON WITH THE NORMAL AND 

PRESSURE-LOADED RIGHT VENTRICLE 

After the Mustard operation, patients had a higher 
end diastolic volume, end systolic volume (p < 
0-001), and a lower ejection fraction than controls. 
The comparison with the unoperated patients with 
tetralogy of Fallot” (when right ventricular pressure 
is at systemic levels) is perhaps more useful. Again 
end diastolic and end systolic volumes were higher 
after a Mustard operation and the ejection fraction 
was lower. There was no difference in the RR 
interval between the groups, but the peak filling rate 
was considerably lower after the Mustard operation. 


Discussion 


The major concern after intra-atnal repair of trans- 
position of the great arteries is whether the right 
ventricle can perform adequately as the systemic 
ventricle throughout life. Anatomical correction 
restores the left ventricle as the systemic pumping 
chamber, and now that the high early mortality" has 
improved the central question, in terms of the long 
term outlook for these patients, is whether left 
ventricular function after anatomical correction is 
better than right ventricular function after the 
Mustard operation? 

The most logical approach to answering this 
question seems to be to compare right ventricular 
function after the Mustard operation with left ven- 
tricular function after anatomical correction. But is 
this a valid comparison? In the normal heart the right 
ventricular end diastolic volume is higher, the ejec- 
tion fraction is lower, and the pressure-volume 
characteristics are substantially different than those 
of the left ventricle." Indeed these differences have 
been highlighted as reasons why it may be invalid to 
use indices of ventricular function, validated in the 
left ventricle, to assess right ventricular function.’ 
The situation in patients after repair of transposition 
is somewhat different, however. Under these circum- 
stances, the systemic ventricle (be it a left or right 
ventricle) is expected to perform the same function. 
Indeed, results in this study and in others”? show 
that right ventricular function in some patients after 
intra-atrial repair may be comparable to that of the 
normal left ventricle. There must therefore be one 
basic assumption when the two postoperative groups 
are compared—that is that under ideal circumstances 
the right ventricle can perform in the same way as the 
normal left ventricle. 
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How does right ventricular function after the 
Mustard procedure compare with left ventricular 
function after anatomical correction? The volume of 
the right ventricle seems to increase after the 
Mustard procedure to a value that is higher than 
normal and higher than the pressure-loaded right 
ventricle. The biggest difference between these 
groups was in the end systolic volume index, 
however. This difference was the major determinant 
of the lower ejection fraction seen after the Mustard 
operation. Indeed, when compared with the left 
ventricle after anatomical correction, the ejection 
fraction was considerably reduced in the Mustard 
group as a whole, although in eight of the 18 patients 
the ejection fraction was > 55%. Similar results have 
been reported in previous studies of smaller numbers 
of patients with simple transposition after intra-atrial 
repair.!?” 

Right ventricular shape has not been examined in 
detail previously. The normal left ventricle becomes 
progressively less round during systole, and up to 
20% of the stroke volume is ejected as a direct 
consequence of this shape change.“ This is an 
efficient mechanism because ejection can occur with 
less global myocardial fibre shortening, which is an 
energy consuming process. Our data’ and that of 
others’ showed that this mechanism is preserved ın 
the left ventricle after anatomical correction. After 
the Mustard operation the end diastolic shape index 
of the mght ventricle was similar to that of the left 
ventricle after anatomical correction. But the reduc- 
tion in shape index during systole after the Mustard 
operation was much less, suggesting that a shape 
change makes little contribution to right ventricular 
ejection after the Mustard operation; so this must be 
almost entirely dependent upon myocardial fibre 
shortening. 

In addition to these differences in systolic func- 
tion, there was evidence of impairment of diastolic 
function. The peak rate of right ventricular early 
diastolic filling after the Mustard operation was less 
than that of the left ventricle after anatomical correc- 
tion and that of the right ventricle in tetralogy of 
Fallot before radical repair. It is possible that this was 
because the sıze of the atrial reservoir was reduced by 
a restrictive intra-atrial baffle. None the less, the 
filling rates after a Mustard operation were similar to 
those seen in the right ventricle after repair of 
tetralogy of Fallot; and a similar mechanism of 
reduced diastolic compliance, perhaps secondary to 
diffuse or focal fibrosis, may be invoked.” This is 
important because diastolic abnormalities may relate 
to abnormalities of the subsequent systole. The 
strong correlation between peak filling rate and 
ejection fraction in this study supports this concept 
and accords with the work of Sideris ez al who 


Redington, Rigby, Oldershaw, Gibson, Shinebourne 
showed a similar relation between right ventricular 
diastolic and systolic function in these patients.” 

There was no relation between any of these indices 
and age at operation or time from operation in either 
of the two groups. Others reported this lack of 
correlation between length of time from operation 
and impairment of ventricular function” and in a 
recently published longitudinal study there was no 
deterioration in ejection fraction measured over a five 
year period.” If the impairment of nght ventricular 
function after the Mustard operation is caused by the 
long term effects of increased afterload,™ this is 
somewhat surprising. It 1s possible that preoperative 
and operative factors are more important in deter- 
mining postoperative function. Boucek et al reported 
that concentrations of creatine kinase MB isoenzyme 
were high before operation.” In another study the 
preoperative right ventricular ejection fraction was 
low.* 

Half of our patients had abnormal wall motion 
plots. Furthermore, when the group of patients with 
abnormal plots was compared with a group with no 
gross abnormalities, those with abnormal plots had a 
lower right ventricular ejection fraction and peak 
ventricular filling rate. These observations are sup- 
ported by data from a cross sectional echocardio- 
graphic study showing dyskinetic right ventricular 
wall movement in three patients with congestive 
heart failure but not ın others who were clinically 
well after the Mustard operation.” 

Even more important, perhaps, was the finding 
that four of the five patients in whom an appropriate 
preoperative right ventriculogram was available 
showed an abnormal dyskinetic pattern of right 
ventricular wall motion before operation and in three 
of these four patients the preoperative wall motion 
plots were similar. Further longitudinal studies are 
required but ıt seems that preoperative and operative 
factors may be important ın determining post- 
operative function, there being little evidence of 
deterioration with time in these patents. 

The clinical importance of these data 1s less clear. 
While the finding of ejection fractions of <40% in 
six of our 18 patients is worrying, all of the patients 
were symptom free and leading normal lives. It is 
possible that deterioration in function will become 
manifest as follow up in these patients lengthens, and 
it must be recognised that these patients represent a 
highly selected group. Global left ventricular func- 
tion ıs well preserved early after anatomical correc- 
tion, as shown by our own and other data, but wall 
motion abnormalities are common. However, follow 
up in this group of patients is even shorter than that 
for those who had a Mustard operation and the 
significance of these abnormalities and the possible 
long term effects of right ventricular outflow tract 
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obstruction” and aortic regurgitation,” which are 
becoming increasingly recognised, are unknown. 
The selection of the appropriate operation in the 
individual patient remains difficult. It may be that 
formal assessment of right and left ventricular func- 
tion before operation will enable more appropriate 
selection. 


We thank Dr David Hughes and Mrs Susan Jones for 
their help in undertaking this study. 
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Cardiac involvement in Churg-Strauss syndrome 
shown by echocardiography 


J M MORGAN, L RAPOSO, D G GIBSON 
From the Cardiac Department, Brompton Hospital, London 


SUMMARY To define the range of cardiac involvement in the Churg-Strauss syndrome, M mode, 
continuous wave Doppler, and cross sectional echocardiograms were recorded in twelve patients 
with the disorder. The M mode recordings were digitised and the cross sectional images were 
recorded with standardised gain settings to determine regional myocardial echo amplitude. Left 
ventricular end diastolic and end systolic dimensions were increased above the normal 95% 
confidence interval in four patients, three of whom showed a depressed shortening fraction. Mitral 
regurgitation was present in six patients; this was severe enough to need valve replacement in two. 
Mean echo amplitude in both the septum and the posterior wall was significantly increased above 
normal by a mean (SD) of 4:87 (2-57) dB, suggesting the presence of myocardial fibrosis. There was 
no evidence of subendocardial involvement as there is in other hypereosinophilic syndromes. 
Mitral regurgitation is common in the Churg-Strauss syndrome. This cannot be ascribed to 
involvement of the cusps or chordae and it occurs even when ventricular function is well preserved. 


It is suggested that mitral regurgitation is caused by diffuse myocardial fibrosis. 


The Churg-Strauss syndrome is recognised by the 
combination of blood eosinophilia, eosinophilic 
tissue infiltration, extravascular fibrinoid necrotising 
(allergic) epithelioid and eosinophilic granuloma 
formation, and disseminated necrotising vasculitis 
occurring in asthmatic patients.!? Lanham et al noted 
that “‘the histological components of the syndrome 
often do not coexist temporally or spatially” and 
suggested that the clinical pattern of a prodromal 
phase of allergic disease, followed by a second phase 
characterised by eosinophilic tissue infiltration and 
peripheral blood eosinophilia culminating in a third 
vasculitic phase, should supercede strict adherence 
to histopathological criteria for the purposes of 
diagnosis.” Myocardial fibrosis, particularly in the 
subendocardial region, is a characteristic feature of 
the idiopathic hypereosinophilic syndrome‘ and it 
has been attributed directly to the eosinophilia itself. 
Possible cardiac involvement in patients with Churg- 
Strauss syndrome and comparable blood eosino- 
philia, however, is less well defined. We therefore 
studied a series of patients with Churg-Strauss 
syndrome by M mode, continuous wave Doppler, 
and cross sectional echocardiography to assess 
whether they were also at risk for heart disease. 
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Patients and methods 


We studied 12 patients in whom the diagnosis of 
Churg-Strauss syndrome was made on the basis of 
histological criteria’? and clinical features.’ The 
blood eosinophil count was raised in all (eosinophil 
counts ranged from 2-3 to 11 x 10°1 at presenta- 
tion). The results of echocardiography were 
compared with those in 20 age and sex matched 
controls with no clinical evidence of heart disease in 
whom stress test had been negative at high workload. 


ECHOCARDIOGRAPHY 

Cross sectional echocardiograms were recorded in 
parasternal views. The regional echo amplitude was 
displayed in real time by a Brompton encoder.’ The 
master gain setting of the echocardiograph was 
standardised as the lowest level at which the parietal 
pericardium behind the posterior left ventricular 
wall appeared as a continuous line at the highest level 
of pixel intensity (white on the display), and the 
depth compensation was adjusted to give linear 
change across the image. Echocardiographic images 
were recorded on 3/4 inch tape by a Sony U-matic 
recorder for further study. 

End diastolic stop frame images were subsequently 
displayed by a tape recorder with digital frame 
advance (Sony 5800 PS). Four areas of interest were 
identified: mid and basal septum and mid and basal 
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posterior wall. We took care to limit sampling to 
these areas on the myocardium ıtself and to avoid 
specular echoes from the endocardium or epicar- 
dium. In each region approximately 300 pixels were 
included within the area of interest. From each the 
distribution of pixel intensity in each of the 64 grey 
scale levels was displayed as a histogram, and printed 
separately. Mean and median pixel levels for each 
region were calculated. 

M mode echocardiograms were recorded under 
cross sectional control from the level of the tips of the 
mitral leaflets at a paper speed of 100 m/s with a 
simultaneous phonocardiogram and electro- 
cardiogram. They showed clear, continuous echoes 
from the left side of the septum and the endocardial 
surface of the posterior wall. 

M mode echocardiograms were digitised,° and the 
following measurements were made: (a) maximum 
and minimum cavity diameter; (6) fractional 
shortening; (c) septal and posterior wall thickness; 
(d) percentage increase in posterior wall thickness 
during systole; (e) peak rate of change of cavity 
dimension during systole and diastole; and (f) peak 
rate of change of posterior wall thickness during 
systole and diastole. A 

Continuous wave Doppler cardiograms were 
recorded from the apex with a Doptek Spectrascan 
along with a simultaneous phonocardiogram and 
electrocardiogram. The aim was to detect the 
presence or absence or the typical flow-velocity 
signal of mitral regurgitation. If it was present, we 


Table 1 Left ventricular cavity size and fractional 
shortening im patients with mitral regurgitation 


Patient ` LV-ED-dim LV-ES-dim %FS Duration MR (ms) 
1 - 63 54 15 100 
2* 74 61 18 40 
3 65 6 84 90 
4* 62 4 35 | N/A 
5 53 3 44 N/A 
6 5 31 44 90 
3 5-5-5 21-37 25-47 


(95% confidence interval) 


*Later underwent mitral valve ip eer NA; i not available; 
LV-ED-dım, left ventricular end tolic cavity dimension (cm); 
LV-ES-dim, left ventricular end systolic dimension (cm); %FS, 
percentage fractional shortening, MR; mitral tation after 
aortic valve closure. 
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noted the time that it stopped in relation to the onset 
of the aortic component of the second heart sound 


(fig D., 


STATISTICAL ANALYSIS 

We compared results of M mode digitisation and 
myocardial echo amplitude estimates in the patients 
with Churg-Strauss syndrome with 95% confidence 
intervals for normal controls. Student’s £ test was 
used to determine statistical significance. 


Results 


CONTINUOUS WAVE DOPPLER 
Mitral regurgitation was recorded by continuous 
wave Doppler in six of twelve patients. In four it was 
judged to be mild on clinical and haemodynamic 
grounds, and in three of these the regurgitation 
persisted for more than 50 ms after the aortic 
component of the second heart sound. In the fourth 
the measurement could not be made because A, was 
not adequately defined on the phonocardiogram. In 
one of the two remaining patients with mitral 
regurgitation severe enough to require valve 
replacement the corresponding interval was 40 ms 
while in the other A, was again undefined (table 1). 
Overall, there was no significant difference 
between the patients and controls subjects in any of 
the measurements made from the digitised M modes. 
However, the left ventricular cavity dimension and 
fractional shoftening were outside the 95% 
confidence intervals for normal in four of the six 
patients with mitral regurgitation (table 1). In two of 
the four in whom regurgitation was mild, fractional 
shortening was also reduced. In the other two 
patients, however, cavity dimensions and fractional 
shortening were normal. Cavity dimensions were | 
increased in both the patients with severe regurgita- 
tion, fractional shortening being reduced-in one and 
normal in the other. Thus in three of the six patients 
with mitral regurgitation, fractional shortening was 
well preserved. i 


MYOCARDIAL ECHO AMPLITUDE _. .- 

Mean myocardial echo amplitude in all twelve 
patients studied was outside the 95% confidence 
intervals for the controls in each of the four regions of 
myocardium (table 2). Overall, echo amplitude in 


Table2 Myocardial echo amplitude in patients with Churg-Strauss syndrome and controls 


Group MPW (SD) BPW (SD) (dB) 
Churg-Strauss *105 g 09) 8-02 Gan 
Controls 351 (0 32) - 3.42 (0 36) 


MS (SD) (dB) BS (SD) _ 
*9-03 (3-09) *6 94 (2 99) 
4 59 (0 36) 3-5 (0 32) 


*p < 0001, compared with controls; measurements in decibels. MPW, mid posterior wall; BPW, basal posterior wall, MS, mid septum; 


BS, basal septum 
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Fig 1 Velocity profile from continuous wave Doppler traces showing (a) mild mitral regurgitation and (b) severe mitral 
regurgitation and their relation of the end of mitral regurgitation to the aortic component of the second heart sound on the 
phonocardiogram (paper speed 100 mm/s; 16 kHz scale). A;, aortic component of second heart sound. 


patients with the Churg-Strauss syndrome was increase persisted, so that it is unlikely to have been 
increased above normal by a mean of 4:87 (2:57)dB caused by myocarditis at the time of diagnosis. 

(p < 0-001) in both septum and the posterior wall. Inspection of the colour encoded images showed 
Subsequent echocardiography showed that this no regional increase in echo amplitude (fig 2). In 





Fig 2 Parasternal long axis view, processed image, showing generalised increase in myocardial echo amplitude. RV, right 
ventricle; LV, left ventricle; LA, left atrium; Ao, aortic root; PW, posterior left ventricular wall; S, interventricular septum. 
Highest level of pixel intensity is white (see scale 
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addition, there was no significant difference in 
amplitude between any of the four sites sampled in 
the patients, indicating that the distribution of the 
increase was generalised rather than localised. 


Discussion 


The relation between blood eosinophilia and heart 
disease is well recognised.‘*® Endomyocardial 
fibrosis is prominent in the hypereosinophilic 
syndrome and leads to a characteristic clinical picture 
of restrictive cardiomyopathy accompanied by 
atrioventricular valve regurgitation when the 
papillary muscles are affected.4’° There is much 
evidence to suggest that these cardiac abnormalities 
are the direct result of eosinophilia and that they 
persist even if the eosinophilia itself has subsided.‘ "! 
Thus Chew et al reported eleven cases of sub- 
endocardial fibrosis in patients presenting with 
restrictive cardiomyopathy, although in only two was 
there documented eosinophilia.” 

The Churg-Strauss syndrome is distinguished 
from other causes of hypereosinophilia by specific 
clinical and histopathological features. Asthma 1s 
common but, unlike polyarteritis nodosa, renal 
involvement is unusual.’ Histologically a dis- 
seminated necrotising vasculitis affects the small 
arteries and veins, together with necrotising (allergic) 
epithelioid and eosinophilia granulomas. Despite the 
frequent occurrence of eosinophilia, the possibility 
that clinically significant heart disease might occur in 
the Churg-Strauss syndrome has received little 
attention in published reports, even in the original 
description of cardiac involvement’ and was not 
considered in the large series reported by Chumbley 
et al? despite the frequency of heart disease at 
necropsy. 

More recently, Spry et al noted the presence of 
diffuse myocardial fibrosis in Churg-Strauss 
syndrome’ and extensive replacement of the 
myocardium by granulomas and scar tissue has been 
reported." Furthermore, Lanham et al noted that 
cardiac involvement accounted for death in 48% of 
patients with the condition.’ Davison et al also drew 
attention to cardiac disease in three patients 
(included in our series), two of whom had evidence of 
pericardial involvement and one with additional 
myocardial disease. It was for this reason that the 
present, more comprehensive investigation was 
undertaken, by non-invasive methods that have 
proved effective in detecting cardiac involvement in 
other forms of heart disease associated with 
hypereosinophilia. Regional echo amplitude has 
previously been shown to correlate with myocardial 
collagen content in chronic heart disease." The 
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method has been used to show localised fibrosis in 
patients with tropical endomyocardial disease and in 
endomyocardial fibrosis,” especially when it affects 
the subendocardium and papillary muscles. We 
found an increase in myocardial echo amplitude in all 
the patients we studied. But this differed from what 
we saw in other patients with hypereosinophilia in 
having a generalised distribution. Theoretically, it 
might have been caused by myocardial oedema, 
which we have previously shown to be a cause of 
increased myocardial echo intensity when it is 
associated with acute rejection in the transplanted 
heart.” We think that this is an unlikely cause in the 
present patients, however, because the increased 
echo intensities persisted when other acute manifes- 
tations of the disease, such as eosinophilia, asthma, 
and vasculitis, had subsided. We cannot confirm this 
theory by histology in our patients, because none of 
them has died and endomyocardial biopsy in one 
patient yielded an inadequate sample. Nevertheless, 
we conclude that the increase in myocardial echo 
intensity reflects the generalised increase in myocar- 
dial collagen content as found in previous histological 
studies. 

We were also able to study the effects of this 
fibrosis on left ventricular function. The results 
of M mode digitisation suggested that simple 
measurements of systolic and diastolic performance 
were well preserved. Unlike the hypereosinophilic 
syndrome,* there was no echocardiographic evidence 
that the valve cusps were affected. Nevertheless, 
continuous wave Doppler detected the presence of 
mitral regurgitation in six of the twelve patients, an 
unexpectedly high frequency. In two of these 
patients it was severe enough to require mitral valve 
replacement, and in two of the remaining four, in 
whom it was mild, left ventricular cavity size was not 
increased. It was not possible, therefore, to attribute 
this regurgitation simply to cavity dilatation. We 
suggest, rather, that it is the direct consequence of 
fibrosis of the papillary muscles occurring as part of 
the more generalised myocardial effects seen in this 
disease. i 

We conclude, therefore, that myocardial fibrosis of 
generalised distribution is a notable, though usually 
subclinical feature of the Churg-Strauss syndrome. 
It may result in left ventricular disease or, more 
characteristically, in mitral regurgitation which is 
more severe, and which may occur at a smaller cavity 
size than that seen in association with other types of 
left ventricular disease. We believe that echocardio- 
graphy should be performed on all cases of the 
syndrome to document the presence and extent of 
heart disease, because in some it may play a 
prominent part in the clinical manifestations of the 
condition. 
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Potential value of intraoperative Doppler colour flow 
mapping in operations for complex intracardiac 


shunting 


GR SUTHERLAND, SBALAJI, JL MONRO 
From the Department of Paediatric Cardiology, Wessex Cardiothoracic Unit, Southampton Genera! Hospital, 


Southampton 


SUMMARY An eight year old boy presented with multiple residual intracardiac shunts and 
considerable persisting haemolytic anaemia five years after the repair of a single perimembranous 
ventricular septal defect. Preoperative transthoracic colour flow mapping showed an “‘acquired”’ 
left ventricular right atrial shunt and three small residual ventricular septal defects around the 
patch. These had been poorly visualised by both angiography and conventional cross sectional 
echocardiography and pulsed and continuous wave Doppler. Clearly, to stop the haemolysis 
effectively, closure of all residual intracardiac shunts was required. Intraoperative pre-bypass 
colour flow mapping was successfully used to confirm the precise number and nature of the defects 
and more importantly studies after bypass were used to confirm immediate closure of all defects. 


There can be major diagnostic problems when 
multiple complex intracardiac shunts are present. 
The information provided by angiography is often 
inadequate. Cross sectional echocardiography with 
integrated colour flow mapping can reliably define 
the origin and extent of such complex disturbances.’ 
We report a case that shows the unique diagnostic 
advantages of the technique, but more importantly 
we describe its intraoperative use in confirming the 
closure of multiple defects, one or more of which 
` were causing severe haemolysis. 


Case report 


An eight year old boy was referred five years after 
attempted surgical repair of a single perimembranous 
ventricular septal defect with a concomitant aortic 
valvotomy. Considerable haemolytic anaemia had 
been noted during the fifth postoperative month. 
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Clinical examination suggested a small residual 
ventricular septal defect. Treatment with iron and 
folic acid supplements was started. Over the next 
four years his haemoglobin concentration remained 
normal but a reticulocytosis of 20% persisted. 

On admission, examination showed signs of a 
residual ventricular septal defect and mild aortic 
stenosis. Duplex scanning (imaging + pulsed and 
continuous wave Doppler) suggested only a single 
ventricular septal defect at the subaortic end of the 
patch (transseptal peak jet velocity of 5 m/s). Colour 
flow mapping showed numerous residual discrete 
jets—one from the left ventricle to right atrium 
(“acquired” Gerbode type defect) and three peri- 
patch transseptal jets from the left to right ventricle. 
Subsequent left ventricular angiography from 
appropriately angled views suggested only two ven- 
tricular septal defects but failed to show the 
“acquired” Gerbode defect. 

Successful surgical closure of all defects was 
clearly essential to stop the haemolytic anaemia. We 
decided to carry out “intraoperative angiography” 
using colour flow mapping to confirm the sites of the 
defects and to confirm defect closure. Intraoperative 
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Intraoperative pre-repair colour flow map in the short axis, right ventricular view showing three residual intracardiac 


shunts. Numbers 1 and 2 are interventricular shunts and 3 is a left ventricle to right atrial shunt (a further more apical 
ventricular septal defect was present at the lower end of the patch that could not be included in this view). Blood flow towards 
the transducer is red and flow away from the transducer is blue. Turbulence (that is a high velocity flow disturbance) is 
encoded as a mosaic of yellow. RA, right atrium; RV, right ventricle; RVOT, right ventricular outflow tract; Ao, aorta; LV, 


left ventricle. 


colour flow mapping was performed with a Toshiba 
SSH-65A. The transducers (5 MHz for imaging, 
and 2:5 MHz for colour flow mapping) were placed 
into long (2 metre) sterile plastic bags containing 
ultrasound gel which were then placed directly on the 
beating heart. Intraoperative colour flow mapping 
confirmed the presence of the “‘acquired’’ Gerbode 
defect and showed three further restrictive ven- 
tricular septal defects all around the margins of the 
patch (fig 1). All defects were then closed with Teflon 
pledgets. Epicardial colour flow mapping was 
repeated with the patient off cardiopulmonary 
bypass. This showed normal low velocity laminar 
flow within the right heart with no residual tur- 
bulence in either right atrium or right ventricle (fig 
2). A transthoracic colour flow mapping study on the 
fifth postoperative day confirmed the continuing 
integrity of the repair. 

Six months after operation further colour flow 
mapping studies showed no residual septal defect. 


Since operation both the haemoglobin concentration 
and reticulocyte count have remained normal. 


Discussion 


It was important in this patient to identify all the 
residual defects before operation and then to confirm 
successful surgical closure intraoperatively because 
any or all of the defects could have contributed to the 
haemolysis. In this patient intraoperative epicardial 
colour flow mapping proved to be more sensitive 
than either duplex scanning or angiography in the 
preoperative assessment. Intraoperative colour flow 
mapping proved to be easy to perform, sensitive, and 
provided a rapid guide to the surgeon as to the site of 
the residual defects and the subsequent adequacy of 
his repair. This case shows the great value of this 
technique in the management of patients with multi- 
ple complex intracardiac shunts. 
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Fig2 Foreshortened four chamber view of intraoperative post-repair colour flow map showing no residual turbulent flow 
within either the right ventricle or right atrium. No residual intracardiac shunts. The left ventricle cavity is small because of 
hypovolaemia immediately after the patient came off cardiopulmonary bypass. See legend to fig 1 for abbreviations. 
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Unusual and intraoperative epicardial 
echocardiographic features of a papillary tumour of 


the aortic valve 


NEIL P LEWIS, GERAINT T WILLIAMS,* ALAN G FRASER 
From the Departments of Cardiology and * Pathology, University Hospital of Wales, Heath Park, Cardiff 


SUMMARY A mass with a diameter of 0-8 cm was detected in the aortic root of a 53 year old woman 
during routine preoperative cross sectional echocardiographic assessment of a secundum atrial 
septal defect. Intraoperative epicardial echocardiography showed that the mass was attached by a 
slender stalk to the tip of the left coronary cusp of the aortic valve, and histological examination 


showed that it was a papillary tumour. 


Intraoperative epicardial echocardiography can help in planning the excision of papillary 
tumours, and excision is advised even when there are no symptoms. 


Papillary tumours of the heart are uncommon. Until 
recently, they were diagnosed only as an incidental 
finding at necropsy,’ but now they can be detected 
more frequently by cross sectional echocardic- 
graphy’ or recognised during cardiac operation.’ The 
aetiology of papillary tumours is uncertain. These 
lesions are not always asymptomatic and they need to 
be diagnosed accurately and distinguished from 
other conditions such as vegetations caused by infec- 
tive endocarditis, which are managed differently. 

There has been only one previous report of the 
cross sectional echocardiographic diagnosis of a 
papillary tumour arising from the aortic valve‘; in 
another patient who had M mode echocardiography 
alone, the features were thought to suggest infective 
endocarditis and the diagnosis was not established 
until operation. We describe the preoperative and 
intraoperative epicardial echocardiographic features 
of a papillary tumour of the aortic valve. 


Case report 


A 53 year old woman reported dyspnoea on exertion 
for two years. She had no other symptoms, and in 
particular no history of chest pain or episodes 
suggestive of systemic embolism. On examination, 
the pulse was regular and the blood pressure and 
venous pressure were normal. There was a mild 
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parasternal lift, fixed splitting of the second heart 
sound, and an ejection systolic murmur over the 
pulmonary area. 

The electrocardiogram showed sinus rhythm, 
complete right bundle branch block, and a normal 
cardiac axis. The chest radiograph showed mild 
cardiomegaly, an enlarged main pulmonary artery, 
and pulmonary plethora. Routine haematological 
and biochemical tests and urine analysis and culture 
were normal. Blood cultures yielded no growth. The 
erythrocyte sedimentation rate was 13 mm in the first 
hour. 

Echocardiography was performed with a Hewlett 
Packard duplex system. The right ventricle was 
enlarged (diastolic and systolic dimensions from M 
mode 3-7 and 29cm) and there was paradoxical 
motion of the interventricular septum. Cross sec- 
tional imaging showed an ostium secundum atrial 
septal defect, and a mass in the aortic root that was 
featureless, round, and 0'8 cm in diameter (area 
1-5 cm’). It was seen well in both parasternal long 
axis and short axis planes, in the region of the 
commissure between the right and left coronary 
cusps of the aortic valve (fig 1a,b). The mass was not 
apparent on most M mode recordings of the aortic 
valve. There was no aortic regurgitation. The mass 
was thought to be a myxoma, although a vegetation 
(and thus infective endocarditis) could not be 
excluded. 

Cardiac catheterisation also confirmed that the 
patient had an atrial septal defect. The pulmonary to 
systemic flow ratio was 3:1, and the pulmonary artery 
pressure was 50/15mm Hg. Neither left ven- 
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Fig 1 Cross sectional echocardiographic images showing spherical mass (arrowed) in the aortic root. (a) 
Parasternal long axis view showing mass in the posterior half of the aortic root. (b) Short axis view showing 
mass between right and left coronary cusps. LV, left ventricle; LA, left atrium; RV, right ventricle; 
RVOT, RV outflow tract; RA, right atrium. (c) Intraoperative epicardial echocardiogram showing 
attachment of the mass by a stalk (arrowed) to the top of the left coronary cusp. AO, ascending aorta; LA, 
left atrium. 
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triculography (performed via the atrial septal defect) 
nor aortography showed a filling defect in the aortic 
root. 

Early operation was advised because of a possible 
risk of embolism. At operation, before epicardial 
bypass, echocardiographic imaging was performed 
with a 5 MHz probe placed on the aorta. This 
showed that the mass was attached to the tip of the 
left coronary cusp of the aortic valve (fig 1c). There 
was no connection to the free wall of the aorta and the 
mass remained clearly visible during both systole and 
diastole. After routine closure of the atrial septal 
defect with a Dacron patch, the aortic valve was 
examined through a transverse aortotomy. The mass 
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Fig2 (a) Large fragment of the papillary tumour mass 
and the excised edge of the aortic leaflet showing the attached 
origin of the stalk, (b) Microscopic appearance of the tumour 
(original magnification * 50). (c) Microscopic appearance 
of the tumour (original magnification x 130). 
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was attached to the free margin of the left coronary 
cusp by a stalk, and it consisted of a central papillary 
core of pale tissue covered by abundant gelatinous 
material (fig 2a). Grossly it resembled a small cardiac 
myxoma. The right and non-coronary cusps of the 
aortic valve appeared normal and the ostia of the 
coronary arteries were not obstructed. The tumour 
was removed with a small sliver of the free margin of 
the left coronary cusp. The competence of the aortic 
valve after resection was confirmed by fluid instilla- 
tion into the aortic root, rather than by Doppler 
colour flow mapping, which was not then available. 

Histopathological examination showed the typical 
appearance of a so-called papillary tumour of cardiac 
valves,” composed of numerous delicate slender 
papillae anchored to the aortic valve cusp by a narrow 
pedicle of fibroelastic tissue. Each papilla consisted 
of a central acellular eosinophilic core made up of 
collagen and whorls of elastic fibres, surrounded by a 
sheath of myxoid material rich in acid mucopolysac- 
charides and covered by a single layer of flattened, 
regular endothelial cells (fig 2b,c). There was no 
evidence of recent thrombosis or of fibrin deposition 
on the surface of the lesion, 

The patient made an uncomplicated recovery. 
Postoperative echocardiographic examination before 
discharge showed no residual tumour. There was 
evidence of mild aortic regurgitation on the contin- 
uous wave Doppler echocardiogram, although there 
was no audible early diastolic murmur. 


Discussion 


Papillary tumours of the aortic valve typically are 
attached to the ventricular surface of a cusp,’ as in the 
patient of Shub er al.‘ The location of the tumour 
described in the present report, on the free margin 
and aortic surface, is therefore unusual. There have 
been reports of similar lesions arising from the 
leaflets,’ ’* papillary muscles,’ or chordae tendineae* 
of the mitral valve; from the tricuspid valve"; or from 
the endocardium of the septum or outflow tract of the 
left ventricle." 

As in other cases, echocardiography in our patient 
showed a solitary small nodule. Although a diagnosis 
of infective endocarditis could not be excluded on 
preoperative imaging from the chest wall, in retro- 
spect the presence of a mass without significant 
haemodynamic effects or any systemic upset or 
embolism, made infection unlikely. The precise 
attachment of the tumour could not be determined 
from a parasternal approach—as in a previous case in 
which echocardiography suggested that a papillary 
tumour was attached to the anterior mitral leaflet 
when it was in fact attached only to the chordae 
tendineae‘—and therefore intraoperative epicardial 
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imaging was very helpful. The clarity of epicardial 
echocardiographic images may be of particular value 
where transthoracic images are of poor quality. In 
our case, epicardial echocardiography showed the 
stalk of the tumour and excluded other lesions such as 
aortic root abscess associated with infective endocar- 
ditis. It also assisted the surgeon in planning the 
careful excision of the tumour. In one previous case, 
transoesophageal echocardiography was used during 
cardiac operation to examine a papillary tumour 
arising from the anterior leaflet of the mitral valve.’ 
Although no new features were identified on that 
occasion, intraoperative echocardiography should 
facilitate more precise diagnosis of a papillary 
tumour and when allied to colour flow mapping will 
provide rapid assessment of valve function after 
excision and valve repair. The images obtained from 
epicardial and transoesophageal echocardiography 
are of similar quality, so that the ideal intraoperative 
technique will depend in part on the anatomical 
location of each tumour. Epicardial imaging in a 
sterile operative field can be easily achieved by 
enclosing the imaging probe in a sterile plastic bag. 
The ease and convenience of this approach may lead 
to epicardial imaging becoming the more popular 
form of intraoperative echocardiography particularly 
if, as is already practised in some centres, surgeons 
become familiar with the use of echocardiographic 
equipment themselves." 

In seven out of 12 (including our patient) echocar- 
diographic reports of papillary tumours M mode 
traces have been normal. Nevertheless, additional 
echoes have sometimes been seen on the aortic valve,* 
on the anterior mitral leaflet,‘ in the left ventricular 
outflow tract,” or on the tricuspid valve.” 

The aetiology of papillary tumours is unclear, and 
this is reflected by the variety of names (at least 16) by 
which they are known.’*? In some journals current 
usage favours the term ‘‘fibroelastoma’’, but until the 
cause and nature of these lesions are established, we 
prefer to continue to use the simplest descriptive 
term, namely papillary tumour. Most cases reported 
by pathologists occurred in the elderly or in patients 
with chronic valvitis,'* but in recent years there have 
been several reports of papillary tumours in patients 
with a history of previous cardiac operation.’ ° ™ In 
another” patient, several papillary tumours were 
detected within the left ventricle, eight years after a 
septal myectomy had been performed.’ Such cases 
seem to support the observation that the histological 
features of papillary tumours are not those of true 
neoplasms but resemble so-called giant Lambl’s 
excrescences—lesions tht are thought to arise by the 
organisation of small deposits of fibrin at the sites of 
nunor endothelial damage.° It is hard to understand, 
however, how such a process could give rise to a mass 


almost 1 cm in diameter, as in our patient, without 
that mass becoming detached. Some have suggested 
that both papillary tumours and cardiac myxomas 
originate from organising mural thrombus,” 
because papillary tumours have abundant 
extracellular acid mucopolysaccharides and a 
gelatinous consistency similar to that of cardiac 
myxomas, but this view is at odds with more recent 
reports of chromosomal abnormalities, abnormal 
cell differentiation,” and neuroendocrine compon- 
ents" in myxomas. 

Whatever their aetiology, large papillary tumours 
should probably be removed, even when they are 
found incidentally during investigations for an 
unrelated illness, as in our patient. Papillary tumours 
of the aortic valve in particular have been reported to 
cause angina?” or death,”” presumably from 
occlusion of a coronary ostium. Tumours in the left 
ventricle and on the mitral valve have been associated 
with recurrent systemic emboli and neurological 
problems,” *'? and myocardial infarction in a patient 
with angiographically normal coronary arteries.’ 
Systemic embolisation was rarely reported before 
1971 (it occurred in three of 39 cases reviewed by 
Fowles et al’), but it is more likely that papillary 
tumours are now being discovered increasingly by 
echocardiography than that they are being incrimin- 
ated erroneously as a source of emboli. In two 
patients thrombus was found on the surface of the 
tumour on histological examination,?’ so anti- 
coagulation should be considered pending surgery. 
At operation it is usually possible to perform a simple 
excision of the tumour with conservation,” as in our 
patient, or repair’® of the related valve. There have 
been no reports of recurrence of a papillary tumour, 
but echocardiographic surveillance is advisable. 


We thank Mr E G Butchart, FRCS, for his help with 
this patient. 
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Severe haemolytic anaemia after replacement of the 
mitral valve by a St Jude medical prosthesis 


HARRY FELD, JAMES ROTH 


From the Montefiore Medical Center, Albert Einstein College of Medicine, Division of Cardiology, Bronx, New 
York, USA 


SUMMARY Severe haemolytic anaemia developed in a 33 year old patient after the mitral valve was 
replaced with a St Jude medical prosthesis. This was the patient’s third thoracotomy. She had 
already had a mitral commissurotomy and a mitral valve bioprosthesis. The patient had an E+ 
antibody to red blood cells as well as a paraprosthetic leak. The haemolysis became less severe once 
the population of E+ red cells was completely haemolysed. However, the patient continued to 
require transfusions to remain out of heart failure. Once the valve was replaced, the haemolysis 


subsided. 


Fulminant haemolysis after mitral valve replacement is rare. When it does occur, a 
paraprosthetic leak should be suspected. Other causes of haemolysis, however, must also be 
considered and these may contribute to the severity of haemolysis. 


Intravascular haemolysis after the placement of a 
mechanical prosthetic valve is well recognised and 
occurs in most patients. But increased 
erythropoiesis makes this common form of 
haemolysis not clinically significant. Fulminant 
haemolysis after valve replacement is rare and is 
usually the result of a paraprosthetic leak. We report 
a case of severe haemolysis after placement of a St 
Jude valve which was caused by a combination of red 
blood cell antibodies and a paraprosthetic leak. 


Case report 


CLINICAL HISTORY AND FINDINGS 

A 33 year old black woman presented with 
haematuria and anaemia several days after placement 
of a St Jude valve in the mitral position. The patient 
had a history of rheumatic heart disease as a child and 
had mitral valve commissurotomy at age 19. When 
she was 24 the mitral valve was replaced with a bovine 
bioprosthesis. The patient did well for nine years, 
then she presented with shortness of breath. Cardiac 
catheterisation showed an 8mm end diastolic 
gradient. Mitral stenosis was diagnosed, and the 
patient underwent mitral valve replacement with a St 
Jude valve. Several days after the operation the 
patient noted the onset of haematuria. Over the next 
month she was admitted twice with congestive heart 
failure and anaemia. The patient was admitted to 
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another hospital where she required 18 units of blood 
over a two week period. 


PHYSICAL EXAMINATION 

Upon transfer to our hospital, the patient was grossly 
icteric. The pulse was 90 beats/min, blood pressure 
110/70 mm Hg, and temperature 100-8°F. Neck vein 
distension was present with normal contour. The 
chest was clear. The heart was hyperdynamic. There 
was a harsh 3/6 systolic murmur and 1/4 blowing 
diastolic murmur at the left upper sternal border. At 
the apex there was a blowing pansystolic murmur. 
There was no organomegaly or pedal oedema. 


LABORATORY DATA 

The urine was bloody. Microscopy did not show any 
red blood cells. The dipstick was 4+ positive for 
haem. Urine haemosiderin was also present. 

The haematocrit was 25% and a smear of peri- 
pheral blood showed schistocytes. The total serum 
bilirubin concentration was 42-8 mol/l, direct 
bilirubin was 6-8 pmol/l, and the serum concentration 
of lactate dehydrogenase was 57-2 ukat/l. Serum 
haptoglobin was absent. The direct and indirect 
Coombs tests were negative. The manual polybrene 
test’ showed two red blood cell antibodies, E+ 
antibodies and BGA (or HLA-7) antibodies. These 
were believed to be secondary to previous trans- 
fusions. Analysis of the patient’s red blood cells 
showed that 50% of her red blood cells were E+. 
The second antibody was not thought to be clinically 
significant or to contribute to the haemolysis. 
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NON-INVASIVE STUDIES 

The electrocardiogram was consistent with left atrial 
enlargement. The chest x ray showed a large left 
atrium and pulmonary vascular redistribution. An 
echocardiogram showed a moderately enlarged left 
atrium of 5-2 cm. Left ventricular size and function 
were normal. The aortic valve was calcified, but 
opened well. The mitral tilting disc prosthesis 
seemed grossly normal. Careful Doppler examina- 
tion did not show any mitral regurgitation. 


CARDIAC CATHETERISATION 

The right heart catheterisation showed a night atrial 
pressure of 12 mm Hg, a right ventricular pressure of 
75/14 mm Hg and a pulmonary artery pressure of 75/ 
40 mm Hg. The pulmonary capillary wedge pressure 
wave had an “‘a” wave of 25 mm Hg anda regurgitant 
wave of 50 mm Hg. The left ventricular end diastolic 
pressure was 25mm Hg. The cardiac output was 
4-95 l/min by thermodilution. The-left ventriculo- 
gram showed severe mitral regurgitation through an 
infero-posterior paraprosthetic leak. Aortography 
showed trace aortic insufficiency. The coronary 
arteries were normal. 


Discussion 


This patient showed several difficulties encountered 
in the management of severe haemolytic anaemia 
after placement of a mechanical valve. Although 
valve dysfunction is the most likely cause of 
haemolysis in this type of patient, other causes may 
contribute and require treatment. The diagnosis of 
haemolysis was made in the routine fashion. A fall in 
haematocrit was accompanied by an increased serum 
concentration of lactate dehydrogenase and indirect 
bilirubin. Serum haptoglobin was absent. The urine 
appeared grossly bloody, but microscopical examina- 
tion did not show any red blood cells. There was 
haemosiderin in the urine. Microscopical examina- 
tion of the red blood cells showed schistocytes, which 
usually suggest mechanical trauma of red blood cells. 
In this case, however, the presence of schistocytes 
did not help determine the aetiology of the 
haemolysis because schistocytes are routinely found 
in patients with mechanical prosthetic valves. Direct 
and indirect Coombs tests were negative which made 
the diagnosis of immunohaemolytic anaemia less 
likely. 

The Coombs test, however, can miss certain 
antibodies. A manual polybrene test was therefore 
performed which showed anti-E+ antibodies. 
Analysis of the patient’s red blood cells showed that 
50% of her red blood cells were E+. This indicated 
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that a significant component of the haemolysis was 
caused by red blood cell antibodies. Therefore, in 
this patient, the only way to differentiate whether the 
aetiology of the severe haemolysis was due to red 
blood cell antibodies or mechanical trauma was to 
follow the patient until the E+ red blood cells which 
had been transfused into this patient were lysed. 

In fact the severe haemolysis in this patient was the 
result of the combination of red blood cell antibodies 
and the mechanical trauma of a paraprosthetic leak. 
We followed the patient for four weeks and limited 
transfusions to when the patient’s haematocrit fell 
below 25% and symptoms of heart failure developed. 
The haemolysis became less severe as the E+ red 
blood cells were eliminated. In the first week she 
needed nine units of whole blood; in the fourth week 
she required only two units. 

Because important haemolysis persisted despite 
the absence of E+ red blood cells, a cardiac 
catheterisation was performed which showed the 
paravalvar leak. Then we decided to replace the valve 
despite the high risk of a fourth thoracotomy. The 
haemolysis resolved immediately when the valve was 
replaced and there was no haematuria after 
operation. Follow up confirmed that haemolysis had 
resolved, and the patient was discharged one week 
later with a stable haematocrit. 

This case confirms that the most likely cause of 
severe haemolysis after valve replacement is an 
important paraprosthetic leak. Other causes of 
haemolysis can contribute to the severity of the 
haemolysis. In our case, post-transfusion antibodies 
were detected by the polybrene technique. One of 
these antibodies contributed significantly to this 
patient’s severe haemolysis. 
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Hypoplastic right retro-oesophageal aortic arch: 
similarities to interrupted aortic arch 


WBKNIGHT 


From the Department of Cardiology, Adelaide Children’s Hospital, North Adelaide, South Australia 


SUMMARY At echocardiography a dysmorphic neonate was found to have a hypoplastic mitral 
valve, left ventricle, and ascending aorta with interruption of the aortic arch between the left 
common carotid and the left subclavian arteries—the left subclavian artery arose from a normal 
sized left descending aorta. Cardiac catheterisation and subsequent necropsy confirmed this 
arrangement but also showed a tortuous right retro-oesophageal aortic arch. This arch was severely 
hypoplastic distal to the right subclavian artery. These cardiovascular anomalies occurred in the 
child of a family in which other members showed the velo-cardio-facial syndrome, a condition 
known to be associated with right aortic arch. This aortic arch arrangement may be impossible to 
distinguish from simple aortic interruption by echocardiography alone. 


Cross sectional echocardiography lends itself to the 
detection of interruption of the aortic arch but the 
following is an unusual case of a rare arch anomaly 
with similar clinical findings that can be 
indistinguishable from simple aortic interruption by 
echocardiography alone. 


Case report 


Dysmorphic features were noted soon after birth in a 
full term 2-8 kg male infant: prominent nose, short 
mouth, micrognathia, anomalous ears, widely spaced 
nipples, arachnodactyly, and minor syndactyly of the 
second and third toes. A large, tense congenital 
phimosis required surgical incision. There was no 
erectile tissue palpable in the penis and the glans was 
not identifiable. He was in mild heart failure with no 
evidence of cyanosis of upper or lower body. The 
only palpable peripheral pulse was the right brachial 
and this was weak. Systolic blood pressures were 
70 mm Hg in the right arm, 67 mm Hg in the left 
arm, and 85 mm Hg in the legs. There was a promin- 
ent parasternal impulse. The second heart sound was 
narrowly split with an accentuated pulmonary com- 
ponent. There was an ejection click and a soft basal 
ejection systolic murmur. There was no stridor. The 
electrocardiogram showed right ventricular hyper- 
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trophy and the chest radiograph showed mild car- 
diomegaly and pulmonary congestion. The thymus 
obscured details of the aortic arch and there was no 
obvious tracheal deviation. 

Cross sectional echocardiography showed normal 
atrioventricular and ventriculoarterial connections. 
The right heart chambers were enlarged. The left 
atrium, mitral valve, and left ventricle were hypo- 
plastic. The end diastolic left ventricular dimension 
was only 10mm. A perimembranous ventricular 
septal defect of moderate size was seen. The pulmon- 
ary artery was much larger than the ascending aorta, 
which had a diameter of only 6 mm. The aortic valve 
was small but otherwise normal. The ascending aorta 
did not arch posteriorly but simply bifurcated. The 
descending aorta was to the left of the spine and of 
normal size. It was connected to the pulmonary 
artery by way of the ductus arteriosus, which was 
only slightly constricted. The left subclavian artery 
arose from its postero-superior extremity. 

Cardiac catheterisation showed a large left to right 
atrial and ventricular shunt with equal systolic 
pressures in both ventricles and pulmonary trunk. 
There was a 20 mm Hg systolic pressure drop across 
the ductus arteriosus to the descending aorta. The 
ascending aorta was not entered. Cineangiography 
confirmed the echocardiographic details of cardiac 
anatomy. Separate injections of contrast into the left 
ventricle (fig la and b) and ductus arteriosus (fig 1c) 
confirmed a lack of continuity between the left 
common carotid and left subclavian arteries. 
However, the right branch of the bifurcation of the 
ascending aorta was not an innominate artery—as 
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had been assumed from echocardiography. It gave 
rise to the right common carotid artery and then 
arched posteriorly to the right of the trachea to give 
rise to the right subclavian artery. Beyond this point 
it became narrow (minimal internal diameter 2 mm) 
and tortuous and crossed the midline behind the 
oesophagus to join the left descending aorta just 
distal to the origin of the latter from the partly 
constricted arterial duct (fig 1c). It was thus a retro- 
oesophageal right aortic arch, severely hypoplastic 
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Fig 1 Cineangiograms showing left ventriculogram in (a) 
30° right and (b) 60° left anterior oblique projections. LV, 
left ventricle, AAo, ascending aorta, RAA, right aortic arch; 
RCCA, LCCA, right and left common carotid arteries; 
RSA, RVA, right subclavian and vertebral arteries; LDAo, 
left sided descending aorta. The open arrows point to the 
tortuous, hypoplastic distal retro-oesophageal right aortic 
arch, (c) Lateral view of injection into the partly constricted 
ductus arteriosus (PDA). PT, pulmonary trunk, RPA, right 
pulmonary artery. Solid arrow points to the wash-in of 
uncontrasted blood where the distal right aortic arch joins the 
left sided descending aorta. 


and tortuous in its distal portion, associated with an 
anomalous origin of the left subclavian artery. 
Serum calcium, T cell function, and numbers and 
chromosome analysis were normal. He died when he 
was nine days old. Necropsy confirmed the car- 
diovascular abnormalities including small tortuous 
right aortic arch (figs 2a and b). The ventricular 
septal defect accepted a probe of 6 mm. The ascend- 
ing aorta was only 4 mm in diameter. The aortic valve 
was small but not stenotic. A persistent left superior 
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Fig2 (a) Anatomical specimen showing right aortic arch looped around forceps, passing behind the oesophagus and (b) the 
dissected heart and great arteries as seen from the front. The double headed arrow shows the “interruption” between the left 
common carotid artery and left subclavian artery while the open arrow points to the stretched hypoplastic distal right aortic arch. 
LPA, left pulmonary artery; LL, RL, hilar portions of left and right lungs. See legend to fig 1 for other abbreviations. (c) 
Diagram of (b) indicating the presumed embryological origin of the vascular structures. Tr, trachea, Oes, oesophagus. 


vena cava drained to the coronary sinus. Only a very 
small amount of penile erectile tissue was present. 
The remainder of the renal tract was normal. An 
unsuspected finding was a bifid uvula. 

The father of this patient has a left aortic arch and 
no known cardiac abnormalities, but he has dysmor- 
phic facial features including narrow palpebral fis- 
sures, malar and maxillary hypoplasia, a prominent 


nose with tented alae nasi, short philtrum, large 
mouth, and bat ears. He has a repaired cleft palate. 
He described himself as a slow learner. A subsequent 
son was born with similar facial dysmorphism and 
bifid uvula. He has undergone open heart surgery 
for a large ventricular septal defect. The father and 
two sons are thought to have the velo-cardio-facial 
syndrome. 
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Discussion 


A right aortic arch crosses over the right rather than 
the left bronchus. It has been classified into two 
types’: (a) a simple or anterior type in which the 
transverse arch is anterior to the trachea and oeso- 
phagus, as in normal individuals, and the upper 
descending aorta is to the right side of the spine (the 
type commonly seen in cases of tetralogy of Fallot or 
common arterial trunk); (6) a posterior or retro- 
oesophageal type in which the transverse arch passes 
to the right of and posterior to the trachea and 
oesophagus and the upper descending aorta lies more 
to the left than ın the anterior type and frequently 
gives rise to a diverticulum from which arise an 
anomalous left subclavian artery and the ductus 
arteriosus or ligament, resulting in a vascular ring.” 
The latter type is said to be uncommonly associated 
with congenital heart defects’ and according to 
Edwards’ is the second most common cause of 
compression of the oesophagus after a mght sub- 
clavian artery arising anomalously from an otherwise 
normal left sided aorta, Our patient had a posterior 
retro-oesophageal right aortic arch complicated by a 
cardiac lesion that was expected to have reduced the 
fetal blood flow in the ascending aorta and not 
unexpectedly therefore was associated with severe 
hypoplasia of the distal right arch. 

Echocardiographic findings in this case were 
typical of those found in type B interruption of the 
aortic arch‘ in that the usual posterior curvature of 
the arch was absent and there was an obvious 
discontinuity between the bifurcating ascending 
aorta and the (left) descending aorta from which the 
left subclavian artery arose. The left arterial duct 
connected the pulmonary artery to the descending 
aorta. In many centres such clear demonstration of 
cardiac and great artery anatomy in a sick neonate by 
cross sectional echocardiography has obviated the 
need for preoperative cardiac catheterisation and 
cineangiography. Accurate echocardiographic diag- 
nosis of the abnormality of the aortic arch in our 
patient was made difficult by the hypoplasia and 
tortuosity of the distal right arch. In addition, 
because the echocardiographic appearances were 
consistent with the clinical signs, the presence of an 
obstructive right retro-oesophageal aortic arch was 
neither suspected nor specifically searched for. To 
my knowledge there have been only two previous 
descriptions of the echocardiographic appearances of 
retro-oesophageal right aortic arch®>*—both had a 
right cervical aortic arch. 

In a search of published reports I found two cases 
of retro-oesophageal right aortic arch with an 
aberrant left subclavian artery and hypoplastic distal 
right arch, both associated with a large ventricular 
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septal defect.’* Both are described as “double aortic 
arch” with “interruption” of the left arch, despite a 
stated lack of continuity between the left common 
carotid and left subclavian arteries. In so far as 
normal aortic arch anatomy, with one continuous 
arch (the left one) and persisting remnants of the 
contralateral arch (such as the innominate artery, 
being derived from the right fourth aortic arch), 
could also be described as double aortic arch with 
interruption of one of the arches, this description 
does not seem useful or logical, particularly if double 
aortic arch is defined by the presence of luminal or 
fibrous continuity of bilateral aortic arches. In both 
the reported cases’? there was a good response to 
pulmonary banding alone, presumably because 
hypoplasia of the right aortic arch was not critical. 
Indeed left aortic arch atresia with hypoplastic right 
retro-oesophageal arch (that is double aortic arch 
with aortic arch atresia) was reported in a patient who 
was symptom free for 21 years.’ However, if hypo- 
plasia of the right arch is severe enough, definitive 
arch surgery may be required as urgently as for 
classic aortic interruption. The vascular ring 
associated with right retro-oesophageal aortic arch 
and left arterial duct does not usually produce 
compressive symptoms in infancy, but these may 
appear later in life.” Hence the importance of divid- 
ing the ring at the time of definitive aortic operation. 
It has been noted that in patients with right retro- 
oesophageal arch, the arch often extends to a higher 
level in the thorax than in patients without a retro- 
oesophageal segment.” This can be seen in the 
present patient (fig 2a). In addition, obvious tor- 
tuosity is seen on angiography (fig 1a). Some cases of 
cervical arch, most of which have a right retro- 
oesophageal segment and anomalous left subclavian 
artery arising from a diverticulum on the left sided 
descending aorta, may represent the extreme end of 
the spectrum of retro-oesophageal right (or left) 
aortic arch in which there is considerable impairment 
of the normal contraction of the aortic arch and 
consequent failure of its migration into the chest. 
There seems little doubt that this patient, his 
brother, and father have the velo-cardio-facial syn- 
drome,” an inherited condition comprising cleft 
palate (either overt or submucous), learning dis- 
ability, facial dysmorphism, and cardiovascular mal- 
formations. Although thought to be autosomal 
dominant, male to male transmission has not been 
described until recently.” The mode of inheritance in 
this family seerns to confirm the autosomal dominant 
nature of this condition. In a survey of 39 patients 
with velo-cardio-facial syndrome, cardiovascular 
anomalies occurred in 84%. The most common 
malformations were ventricular septal defect and 
right aortic arch, the latter being of both anterior and 
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posterior types.’* These were both present in the 
index case as well as persistent left superior vena 
cava, another known associated anomaly. A sub- 
sequent sibling had a large ventricular septal defect 
requiring surgical closure at three weeks of age. To 
my knowledge, hypoplasia of the left heart structures 
has not been reported to occur in velo-cardio-facial 
syndrome. Similarly, the penile anomaly is not a 
recognised feature. Fetal echocardiography may 
have an important role in the prenatal detection of 
this syndrome. 
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Fifth biennial survey 


DOUGLAS CHAMBERLAIN, LINDA BAILEY, EDGAR SOWTON, 
DAVID BALLANTYNE, DENNIS McC BOYLE, MICHAEL OLIVER 


From The Sussex Centre for Medical Research, University of Sussex, Brighton, in collaboration with the 
Cardiology Commuttee, Royal College of Physicians of London and the British Cardiac Society 


SUMMARY This is the fifth survey of staffing (consultants and senior registrars) in cardiology in 
the United Kingdom. Data from previous years—including the fourth survey (1986) that was not 
published separately—are used to show the trends over the past decade. In 1988 there were less 
than six cardiologists per million population. The United Kingdom, with Ireland, has fewer 
cardiologists than all other European countries with reliable figures. The ratio for Europe as a 
whole is approximately 45 per million population; the recommended figure for the United States of 
America is 60 per million. The distribution of cardiologists in England and Wales is still very 
uneven. Seven million people—nearly 15% of the population—have no immediate access to special 
expertise in cardiology. Women are particularly poorly represented in the speciality. 

This survey indicates that the crisis in staffing for cardiology continues. It will worsen as the 
possibilities grow for effective management of heart disease and as needs increase with the greater 
average age of the population. Resolution of this crisis should be a major priority in policies aimed 


at countering the ravages of heart disease. 


Staffing and facilities in cardiology in the United 
Kingdom have been monitored since 1978. Car- 
diologists were one of the first speciality groups to do 
so, with the twin intentions of identifying deficien- 
cies in the provision of services throughout the 
country and of providing information that would aid 
matching of training posts to future consultant 
vacancies. 

Three surveys have been published.’ These were 
all conducted from the Centre for Medical Research 
within the University of Sussex, on behalf of the 
British Cardiac Society and the Cardiology Commit- 
tee of the Royal College of Physicians of London. 
The fourth survey related to consultants and senior 
registrars only. It was to have been undertaken by the 
British Cardiac Society, but changes of staff led to 
unforeseen delays, and the data—with an index date 
of 1 July 1986—were not published. They are, 
however, included with this report that deals 
primarily with information on staffing with an index 
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date of 1 April 1988 (for senior registrars) and one of 
1 July 1988 for consultants. 


Methods of inquiry 


A cardiologist in each health region of England and 
Wales was sent a list of district contacts to confirm 
that these contacts were still in post and likely to 
complete a questionnaire. We used a different 
method to survey the Health Boards of Scotland and 
the Health and Social Service Area Boards of North- 
ern Ireland: two of us (DB and DMcCB) collected 
these data. In previous surveys it was more difficult 
to obtain information from Scotland and Northern 
Ireland because of the different organisation of 
health care. On this occasion the new method of 
collecting data for Scotland and Northern Ireland 
proved more successful. We therefore believe that 
our current data are substantially accurate; but 
comparisons for Scotland and Northern Ireland that 
depend on information from previous surveys were 
included only when we believed that they were 
accurate. 
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Table 1 Number of cardiologists ( cardiovascular physicians) in England and Wales, 1980-1988 











1980 1982 1984 1986 1988 
Adult Paediatric Total Adult Paediatric Total Adult Paediatric Total Adult Paediatric Total Adult Paediatric Total 
Cardiology only 103 19 122 1l 18 129 lll 29 140 119 3] 150 130 33 163 
Major mterest %8 3 101 17 4 121 121 6 1277 18 2 120 1277 0 127 
Totals 201 32 223 28 2 250 232 35 267 287 33 270 27 33 290 
The main questionnaire had two sections: one for Comment 


consultant staff who practise only cardiology and the 
other for general physicians with a major interest in 
the specialty—that is a special interest in cardiology, 
appropriate training in the speciality, and at least 
40% of professional time devoted to it. As before, we 
recognise that many other physicians, unable to meet 
all three criteria, provide important services to those 
with heart disease; but unless all three criteria were 
met they were not included in the study. 

After the questionnaires were returned, the results 
were assembled by region or by other appropriate 
groups and submitted under confidential cover to our 
regional advisers for scrutiny as a guard against 
inadvertent errors. We identified discrepancies be- 
tween these data and our previous inquiries at district 
level and referred them for confirmation or correc- 
tion. 

We obtained information on senior registrars by a 
separate questionnaire sent to each major cardiac 
centre. 

In general, we retained the format of relevant 
tables in our previous publication. New tables were 
included to summarise the changes over the decade. 


Table 1 shows the total number of cardiologists (or 
cardiovascular physicians) in England and Wales in 
five surveys from 1980 to 1988. The numbers have 
increased overall by 30% over the eight years 
(average 3-8% per year), but most of the increase has 
been among those practising exclusively either adult 
cardiology or paediatric cardiology rather than 
among physicians with a major interest in cardiology. 
This is disappointing in view of the deficiencies at 
district level highlighted in earlier reports. 

Table 2 shows the cardiologists ın post for all the 
regions of England and Wales and for the special 
hospitals. One less health district is included under 
the special hospitals because of the closure of the 
country branch of the Brompton Hospital at Frimley. 
In Wales each district has two general hospitals; the 
numbers for both these units are shown. 

The total number of cardiologists within the 
regions shows wide disparities that do not 
appropriately reflect the differences in population. 
For example the South Western region has one 
cardiologist for every 246 500, whereas North West 


Table 2 Number of cardiologists (cardiovascular physicians) in England and Wales by region at 1 July 1988 





Cardiology only Mayor interest 
r Region Population* No of HDs Adult Paediatric Adult | Paediatric Total 

East Angla 2 103 700 8 3 0 6 0 9 

ersey 2 408 700 10 4 3 5 0 12 
Northern 3 076 800 16 6 2 11 0 19 
North East Thames 3 771 500 16 12 0 10 Q 22 
North West Thames 3 488 300 15 16 2 T 0 25 
North Western 3 991 100 19 9 2 12 0 23 
Oxford 2 501 800 8 4 2 7 0 13 
South East Thames 3 635 400 15 15 4 8 0 27 
South West Thames 2 959 600 13 6 0 8 o 14 
South Western 3 205 500 l1 5 2 6 0 13 
Trent 4 646 300 12 6 1 il 0 18 
Wessex 2 905 600 10 2 2 8 0 12 
West Midlands 5 197 700 22 13 3 11 0 27 
Yorkshire 3 604 700 17 10 3 9 0 22 
Wales 2 836 200 ot 5 0 8 0 13 
Special hospitals 4 14 7 0 0 21 
Totals 50 242 900 205 130 (119) 33(31) 127 (118) 0(2) 290 (270) 





*Office of Population Censuses and Surveys’ estimate for mid 1987. 
‘The nine Welsh health districts have 18 district hospitals 
1986 data (previously unpublished) in parentheses 

HD, health district. 
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Table 3 Number of cardiologists (cardiovascular physicians) in Scotland by health board at 1 July 1988 





Cardiology only Major tnterest 
Health board Population (1987) Adult Paediatric Adult Pasdhatric Total 
Argyll and Clyde 443 128 0 0 0 0 o 
Ayrshire and Arran 374 752 0 0 0 0 0 
Borders 102 141 0 0 0 0 0 
Dumfries and Galloway 147 036 0 0 0 0 0 
Fife 344 590 0 0 0 0 0 
Forth Valley 272 077 0 0 0 0 0 
Grampian 502 863 3 0 0 0 3 
Greater Glasgow 951 219 11 3 2 0 16 
Highland 200 608 0 0 0 0 0 
Lanark 563 448 0 0 0 0 0 
Lothian 743 700 5 2 0 0 7 
Orkney 19 338 0 0 0 0 0 
Shetlands 224 290 0 0 0 0 0 
Tayside 393 762 2 0 0 0 2 
Western Isles 31 048 0 0 0 0 0 
Totals 5314 000 21 5 2 0 28 





Thames has one cardiologist for every 140 500. 

Tables 3 and 4 show the numbers of cardiologists 
in Scotland and ın Northern Ireland. The concentra- 
tion of cardiologists within the Eastern Health Board 
of Northern Ireland is accounted for by the site of the 
centre for the whole of the province. Since the last 
report, Belfast has one fewer cardiologist. Four 
cardiologists meeting our criteria as having a major 
interest have, however, been appointed in neigh- 
bouring district hospitals. 

Table 5 shows the number of retirements expected 
each year for cardiovascular physicians in post in 
England and Wales. We compared these totals with 
predictions from earlier years. In general terms there 
1s good agreement, but inevitably some cardiologists 
do change their plans; the prediction will not always 
be fulfilled each year. There is a tendency for 
retirement to be planned for age 60, but for it then to 
be deferred. Few retirements are expected from 1990 
to 1996, except for 1993 when nine replacement posts 
should become vacant. The numbers of retirements 
should increase thereafter (the data are shown only to 
the year 2000). Over the next 15 years a similar 
number of vacancies are expected in both full time 
cardiology and in general medicine with major 
interest in the subject. For the 11 years 1989 to 1999 


the figures are 37 and 35 respectively. There will, of 
course, be unexpected vacancies and new posts will 
continue to be created. 

Tables 6 and 7 show retirement data for Scotland 
and Northern Ireland. Up to 1998 only 10 vacancies 
are expected for the two countries combined. 

Table 8 shows the number of health districts 
within each region that sll have no physicians 
employed full time in cardiology or with a major 
interest in cardiology. The number was 63 in 1982, 
57 in 1984, 54 in 1986, and 46 in mid 1988. There are, 
however, over seven million people in England and 
Wales (nearly 15 per cent of the population) who have 
no immediate access to special expertise in car- 
diology. The situation may, in fact, be somewhat 
worse than this. In several regions specialists attempt 
to cover more than one health district. A health 
district may therefore claim to have a cardiologist on 
the grounds that one or more sessions per week are 
covered from, for example, the regional centre. We 
know that in some regions this arrangement is 
regarded as satisfactory, but in others it is not. 

Table 9 shows 11 Scottish Health Boards without a 
specialist cardiological physician, and this seems to 
show a position that has deteriorated since 1984. The 
change, however, is apparent rather than real and 


Table 4 Number of cardiovascular physicians in Northern Ireland by health board at 1 July 1988 


Cardsology only Major tnterest 
Health board Population (1986) Adult Paediatric Adult Paediawnc Total 
Eastern 642 100 10 2 3 0 15 
Northern 379 000 0 0 3 0 3 
Southern 288 900 0 0 3 0 3 
Western 256 800 0 0 3 0 3 
Totals* 1 566 800 10 (11) 2 (2) 12 (8) 0 (0) 24 (21) 


*1986 data (previously unpublished) are shown in parentheses. 
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Table5 Number of cardiologists (cardiovascular physicians) retiring each year in England and Wales (as of 1 July 1988) 


Cardiology only 
Year Adult Paedsatric Total 
1988 3 1 4 
1989 4 1 5 
1990 2 0 2 
1991 3 0 3 
1992 2 0 2 
1993 5 1 6 
1994 3 0 3 
1995 4 0 4 
1996 3 0 3 
1997 3 0 3 
1998 2 0 2 
1999 3 1 4 
2000 + 93 29 122 
Totals 130 33 163 


indicates only a change in designation. Only three 
units of management within Northern Ireland (table 
10) are without specialist cardiologists, but the 
position is regarded as satisfactory ın two of these and 
is difficult to correct in the third because a small 
population is-scattered over a large area. 

Table 11 compares the number of senior registrars 
with the present number of specialist consultant 
posts for England and Wales. The ratio varies from 
14:1 to 4:1. The disparate ratios reflect in part the 
number and size of the cardiac centres within the 
regions, and the inequality of distribution is not 
regarded as especially.undesirable. Broadly speaking, 
the distribution of senior registrars within regions is 
also satisfactory. 

Table 12 compares registrars’ contract expiry 
dates and physicians’ retirement dates between 1988 


Mayor tnterest 
Adult Paediatric Total Grand total 
1 0 1 5 
2 0 2 7 
I 0 1 3 
2 0 2 5 
2 0 2 4 
3 0 3 9 
1 0 1 4 
1 0 1 5 
3 0 3 6 
7 0 7 10 
4 0 4 6 
9 0 9 13 
91 0 91 213 
127 0 127 290 


and 1992 for England and Wales. It shows that 30 
more senior registrar contracts will expire than 
physicians will retire. The comparable figure in our 
last report (for 1984) was 21. The apparent excess 
during that period did not lead to any increase in the 
number of senior registrars who became time 
expired, and indeed fewer became time expired. 
Several new posts have been filled since the index 
date of our report, and we do not regard the present 
situation as unsatisfactory. Indeed, we predict that 
there will be a reasonable balance over the next few 
years, and a possible dearth of fully trained senior 
registrars within seven or eight years. 

There are also seven registrars in Scotland train- 
ing in cardiology and three in Northern Ireland 
(table 13). 

Another imbalance does cause us concern and is 


Table 6 ` Number of cardiologists (cardiovascular physicians) retiring each year m Scotland (as of 1 July 1988) 








Cardtolagy only Mayor interest 
Year Adult Paediatric Total Adult Paediatric Total Grand total 
1989 2 0 2 0 0 0 2 
1990 0 1 1 0 0 0 1 
1991 1 0 1 0 0 0 1 
1993 1 0 1 0 0 0 1 
1998 1 0 1 1 0 1 2 
2000+ 16 4 20 1 0 1 21 
Totals 21 5 26 2 0 2 28 


Table 7 Number of cardiologists (cardiovascular physicians) retiring each year ın Northern Ireland (as of 1 July 1988} 


Cardiology only 
Year Adult Paschatric Total 
1992 1 0 1 
1907 1 0 1 
1998 1 0 1 
2000 + 7 2 9 
Totals 10 2 12 


Mayor interest 

Adult Paediatric Total Grand total 
0 0 0 1 
0 0 0 1 
0 0 0 1 

12 0 12 21 

12 9 12 24 
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Table 8 Regions and number of health districts mtthout cardiovascular phyncaans at 1 July 1988 (England and Wales} 








Region No of HDs ADs without Regional pop* Pop without* 
East Angha 8 1(-3) 2 013 700 187 900 
Mersey 10 6 2 408 700 1 151 400 
Northern 16 6 3 076 800 994 200 
North East Thames 16 0 3 771 500 0 
North West Thames 15 2(-1) 3 488 300 526 000 
North Western 19 5(-1) 3.991 100 863 700 
8 0 2501 800 0 
South East Thames 15 1 3 635 400 220 600 
South West Thames 13 R 2 959 600 276 300 
South Western ll 2(-1 3 205 500 344 000 
Trent 12 3(-2) 4 646 300 884 
Wessex 10 3 2 905 600 696 100 
West Midlands 22 4(+2) 5 197 700 748 700 
Yorkshire 17 3 3 604 700 469 800 
Wales Of18t 8(-)D 2 836 200 
Special hospitals 4 0 — — 
Totals 205/214 45 (54) 50 242 900 7 363 000 





*Office of Population Censuses and Surveys’ estimate for mid 1987. 


+The nme Welsh health districts have 18 district hospitals (eight of which are without cardiovascular physicians) 


Changes from 1989 are given in parentheses 
HDs, health districts 


worthy of comment. Women are poorly represented 
in specialist cardiology. We do not accept the explan- 
ation that the training is onerous and that women 
may not be in a position consistently to meet the 
demands that are made. If this were true then the 
workload would be inappropriate for any trainee. 
Rather we believe that bias—conscious or other- 
wise—enters into selection. At present only four of 


Table 9 Scortesh health boards without cardiovascular 
physterans at 1 July 1988 








Pop without 

Health board (md 1987 estimate) 
Argyll and Clyde 443 118 
Ayrahire and Arran 374 752 
Borders 102 141 
Dumfries and Galloway 147 036 
e 344 590 
Forth Valley 272 O77 
d 200 608 
563 448 
Orkney 19 338 
Shetlands 22 429 
Western Isles 31 048 
Total for the 11 boards 2 520 585 





Table 10 Northern Ireland health boards and number of 
umts of management (UOM) without cardiovascular 
physicians at 1 July 1988 





Noof UOMs Health board Pop without 
Health board UOMs without pop (1986) (1986) 
Western 3 0 256 800 0 
Eastern 6 2 642 100 175 200 
Northern 4 1 379000 129 800 
Southern 3 o 288 900 o 
Totals 16 3 1566800 305 000 





the 130 individuals practising adult cardiology full 
time are women. Many excellent applicants have had 
unexpected difficulties in progressing to senior regis- 
trar posts and excellent female senior registrars have 
had undue difficulty in becoming consultants. We 
hope that changes in attitude will correct the serious 
imbalance. 

We believe that the United Kingdom has far too 
few posts for consultant cardiologists, both in the 
major centres and in district hospitals. The need has 
increased substantially in recent decades. Tech- 
nological, pharmaceutical, and surgical advances 
offer new opportunities for successful treatment that 
all too often cannot be made available to patients. 
This is often because of a shortage of staff rather than 


Table 11 Number of cardiovascular and semor registrars 
by region of England and Wales at 1 July 1988 











Noof Cardiology Mayor Semor 
Region HDs only interest registrars 
East Angla 8 3 6 1 
Mersey 10 7 5 3 
Northern 16 8 11 3 
North East Thames 16 12 10 4 
North West Thames 15 18 T 4 
North Western 19 EE 12 4 
Oxford 8 6 7 3 
South East Thames 15 19 8 4 
South West Thames 13 6 8 1 
South Western i 7 6 2 
Trent 12 7 11 4 
Wessex 10 4 8 2 
West Midlands 22 16 11 4 
Yorkshire 17 13 9 5 
Wales 9/18* 5 8 3 
Special hospitals 4 21 0 9 
Totals 205/214 163(150) 127(120) 56 


*The nine Welsh health districts have 18 district hospitals. 
Totals for 1986 are given in parentheses. 


Staffing in cardiology in the United Kingdom 1988 


Table 12 Semor registrars’ contract expiry compared with 
cardiovascular physicians retirement years for England and 
Wales only 








Year contract Contracts Physicians 

expires expiring retiring Balance 
1988 10 5 =5 
1989 7 7 0 
1990 15 3 -12 
1991 1) 5 —6 
1992 ll 4 -7 
No expiry date* 2 0 2 
Totals 56 24 -30 





*There are two physicians with permanent contracts in posts 
designated as having senior registrar status. 

There are 30 senior registrars whose contracts expiry dates are not 
known. These have been assumed to end their contracts four years 
after appointment or ın 1988, 1f appointed before 1984. 


Table 13 Expiry dates of senor registrars’ contracts m 








Scotland and Northern Ireland 

Year Scotland Northern Ireland 
1989 2 0 

1990 3 0 

1991 1 1 

1992 1 2 

Total 7 3 





for reasons of cost constraint. Prevention, education 
at all levels, rehabilitation, and community care are 
needs poorly met by cardiologists who are forced by 
circumstances to restrict their time to the more 
technological aspects of their work. Most of the 
western world is much better served. Direct compar- 
ison of numbers of cardiologists in posts in different 
countries is difficult because there is no universally 
agreed definition of a cardiologist. But even a super- 
ficial consideration of numbers can make the point. 
The number per million for the United Kingdom of 
those practising the specialty full time (adult or 


Table 14 Data collected by the European Society of 
Cardiology* on the number of currently qualified 
cardiologists m other countries 


es aia 
Federal Republic of Germany 
German Democratic Republic 


Greece 





*From report on monospecialty secton on Cardiology of the 
ERO on training requirements and facilites in Europe in 1989. 
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paediatric) is 3-6. If all physicians with a major 
interest as defined in this survey are included, the 
number per million is still less than six. Table 14 
shows data collected by the European Society of 
Cardiology on the number of “‘currently qualified 
cardiologists” in other countries (where numbers 
are known). The ratio for Europe as a whole is 
approximately 45 per million population. The 
recommendation by the American College of Cardi- 
ology for the number of board certified cardiologists 
in the United States was 60 per million as long ago as 
1974.* 

It may not be realistic to expect that the whole 
community in the United Kingdom can receive a 
reasonably comprehensive service for basic car- 
diological requirements within the next few years, 
but it is unacceptable that nearly 15% of the popula- 
tion have no immediate access to special expertise in 
cardiology. Many have no provision even for tem- 
porary pacing, and even where this emergency 
procedure was available in district hospitals the 
complication rate was unduly high’ (and N A Boon, 
personal communication). We believe that the 
problems highlighted by pacing apply equally to 
other procedures, which can affect the well-being of 
patients with heart disease. f 

Thus the staffing crisis continues and it will 
worsen as the population ages. While efforts to 
prevent heart disease, particularly coronary disease, 
must proceed, resolution of this crisis should be a 
major priority for those who are responsible for 
providing adequate staffing. 
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Book review 





Workshop on coronary heart disease 


Trends in Coronary Heart Disease Mortality. 
The influence of medical care. Edited by 
Millicent W Higgins and Russell V Luepker. 
(pp 302: £32.00.) Oxford: Oxford University Press, 
1988. ISBN 0-19-505297-8. 


The Committee of Public Accounts, in their report 
on coronary heart disease, have accorded a verdict of 
“deplorable” to Britain’s attempts to reduce 
mortality from coronary heart disease over the past 
two decades.' The King’s Fund consensus statement, 
after their forum on ‘“‘Blood cholesterol measurement 
in the prevention of coronary heart disease”, recom- 
mends a national food and health strategy to reduce 
the general,concentration of blood cholestero! in the 
population.’ Britain has suddenly become publicly 
conscious that it leads the world league table for 
deaths from coronary heart disease. It is only because 
Britain is so far behind the United States in confront- 
ing the issues relating to coronary heart disease, that 
this publication—based on a workshop convened by 
the National Heart, Lung and Blood Institute in 
December 1986—1: still important reading. A similar 
workshop in the United States in 1978 on the fall in 
coronary heart disease mortality first focused 
American and world attention on the need to evaluate 
the factors responsible for the decline in deaths from 
coronary heart disease seen in the United States from 
1968. By 1985 there had been a decline of 60%. 
This book has 30 short papers relating to time 
trends and regional patterns of coronary heart disease 
and medical care, determinants of mortality from 
coronary heart disease, the influence of medical care 
on risk factors, management of acute myocardial 
infarction in and out of hospital, and the influence of 
medical care on chronic coronary disease. The stan- 
dard of presentation is high although it is frustrating 
to realise that there are no references beyond 1986. 
Surely the editors of this type of book should not only 
allow but insist on each paper carrying an additional 
annotated bibliography of the major new papers on 
the subject appearing between the meeting and the 
reading of proofs. Many of the reports making up the 
chapters have appeared in print since the 1986 


meeting, but the coming together of all these presen- 
tations in a well edited format makes for a structured 
approach to the overall problem. 

Britain is seeing a small but regular decline in 
deaths from coronary heart disease since about 1976. 
There is currently a heightened concern about the 
allocation of resources to prevention (£10 million) 
and treatment (£500 million) and an urgent need to 
evaluate the impact on the morbidity and mortality of 
coronary heart disease of various preventive and 
therapeutic (medical and surgical) measures. This 
book provides a very useful primer for all those 
embarking on the new phase on coronary heart 
disease in Britain. By American standards it may be 
dated, but it reaches Britain before we have estab- 
lished a comprehensive national system for monitor- 
ing risk factors and before we have evaluated the true 
need for the various surgical procedures currently 
available. At a time when the health care system is 
changing in unpredictable ways, we might do well to 
learn from the endeavours of others. Epidemiological 
surveillance needs to be adapted to track rapidly 
evolving care for patients with coronary heart 
disease. The new therapeutic methods require new 
and efficient clinical trials to justify their use. 
Diagnostic methods need to be evaluated because 
their costs and implications are considerable. While 
death rates from coronary heart disease in Britain will 
probably continue to decline slowly, we remain high 
in the world league table and we need to know how to 
evaluate the factors responsible for this fall in order 
to increase the rate by appropriate measures. This 
book should be read and considered by all those 
participating in the current coronary heart disease 
campaigns. 

A G SHAPER 
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Prognostic significance of programmed ventricular 
stimulation in survivors of acute myocardial infarction 


Sir, 

We were most interested in the paper by Bhandari et 
al (1989;61:410-6) because we are engaged in a 
similar study. There are several points upon which 
we would like to comment. 

Firstly, 10 out of 33 patients with inducible 
sustained arrhythmias were treated with potent 
antiarrhythmic agents. Though the drugs were 
chosen empirically and later stopped, the fact 
remains that several patients may have been protec- 
ted from arrhythmic events during the high risk early 
post-infarction phase. Even if outcome was influen- 
ced in only a small number of patients, this could 
have significantly influenced the overall results, 
because there were only a small number of end 
points. 

Secondly, as Bhandari et al themselves confirmed, 
inducible ventricular fibrillation is known to be a 
non-specific response to ventricular stimulation’ and 
should not be included as a positive response in the 
overall analysis. Inducible ventricular tachycardia 
was, in fact, present in all but one of their patients 
who died suddenly. The predictive accuracy of 
inducible ventricular tachycardia is also known to be 
greater if only uniform ventricular tachycardia is 
regarded as important—particularly if an upper rate 
limit (for example < 250 beats per minute) is 
included.” 

Thirdly, it should be further emphasised that 
Bhandari et als study included only patients who 
were at a relatively low risk of arrhythmic events 
(Killip class I or II). Most patients with documented 
spontaneous ventricular arrhythmias after infarction 
have significantly impaired left ventricular function. 
Arrhythmias may occur either as a primary electrical 
phenomenon or as the result of new ischaemic events; 
perhaps the latter are a more likely cause in those with 


Finally, follow up was as short as four months in 
some patients, though sudden deaths occurred as late 
as 26 months. The predictive accuracy of the test may 
increase with longer follow up. 

Our preliminary results from 75 unselected 


patients including those with clinical evidence of 
major infarction tested with up to three extrastimuli? 
show a higher sensitivity (6/6) and positive predictive 
accuracy (6/8) than in the study of Bhandari ez al, in 
line with previous studies that included high risk 
patients.‘ We found a high incidence (29%, 22 
patients) of sustained inducible arrhythmias, often of 
a non-specific multiform type requiring DC cardio- 
version, which makes the test invasive and therefore 
unattractive. 

We agree that programmed ventricular stimula- 
tion should not be used as a test in the routine 
assessment of patients after uncomplicated infarc- 
tion. It may be useful, however, in the identification 
and selection of treatment in those judged on clinical 
and non-invasive grounds to be at high risk of death 
from arrhythmia, and of course in patients with late 
spontaneous sustained ventricular tachycardia, in 
whom empirical treatment may be ineffective and is 
possibly harmful. 


T R Cripps, 

T G Farrell, 

A J Camm, 

D E Ward, 

Department of Cardiological Sciences, 
St George’s Hospital Medical School, 
Cranmer Terrace, 

Tooting, 

London SW17 ORE. 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

As Dr Cripps and his colleagues note (and as we 
emphasised in our article) the results of our study are 
applicable only to clinically stable patients with 
uncomplicated myocardial infarctions and the find- 
ing ought not be extrapolated to patients with 
complicated infarctions where the risk of future 
arrhythmic events is higher and the predictive 
accuracy of programmed ventricular stimulation may 
be better. Their study! and others including our 
own,** support the clinical use of programmed 
ventricular stimulation in such patients. 

Until recently there were few data on the clinical 
significance of inducible ventricular fibrillation in 
survivors of acute myocardial infarction. The results 
of our study and those of Denniss et al? clearly show 
that inducible ventricular fibrillation is a non- 
specific response of little clinical significance in these 
patients. Therefore we agree that this arrhythmia 
should not be included as a positive end point in 
existing or future prospective trials of programmed 
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stimulation in survivors of recent myocardial infarc- 
tion. 

In our article we commented on the limitations 
imposed by the empirical antiarrhythmic treatment 
started in our first 10 patients with inducible sus- 
tained ventricular arrhythmias. The minimum 
length of follow up was at least 12 months in all but 
five patients, who were lost to follow up between four 
and eight months after the index infarction. 


A K Bhandari 

Los Angeles Cardiology Associates, 
1245 Wilshire Boulevard, 

Suite 606, 

Los Angeles, CA 90017, 

USA 


References 


1 Cnpps TR, Bennett ED, Camm AJ, Ward DE. 
Inducibility of sustained monomorphic ventricular 
tachycardia as a prognostic indicator in survivors of 
recent myocardial infarction: A prospective evalu- 
ation in relation to other variables. J Am Coll Cardiol 
1989;14:289-96. 

2 Waspe LE, Seinfeld D, Ferrer A, et al. Prediction of 
sudden death and spontaneous ventricular tachy~- 
cardia in survivors of complicated myocardial infarc- 
tion: Value of the response to programmed stimula- 
uon using a maximum of three ventricular extra- 
stimuli. J Am Coll Cardiol 198535;1292-301. 

3 Denniss AR, Richarde DA, Cody DV, et al. Prognostic 
significance of ventricular tachycardia and fibrillation 
induced at programmed stimulation and delayed 
potentals detected on the signal averaged electro- 
cardiograms of survivors of acute myocardial infarc- 
tion. Circulation 19853;74:73 1-45. 

4 Bhandari A, Hong R, Kotlewski A, Rubin J, McIntosh 
N, Rahimtoola SH. Prognostic significance of pro- 
grammed stimulation in high risk patients surviving 
acute myocardial infarction [Abstract]. J Am Coll 
Cardiol 1988;11:6. 


Timing of treatment with oxygen radical scavengers 
and its influence on reperfusion injury 


Sir, 

In their editorial on oxygen radicals and myocardial 
damage (1989;61:4-8), Burrell and Blake pointed out 
that proof that there is specific, reperfusion-mediated 
damage depends on the administranon of oxygen 
radical scavengers at the moment of reperfusion 
rather than before the onset of ischaemia. This is a 
valid point, but the reader may be left with the 
impression that the hypothesis of a specific reflow 


injury remains to be tested because the editorial does 
not refer to the results of several pertinent published 
reports. 

In the classic study by Jolly et al, administration of 
superoxide dismutase and catalase towards the end of 
the ischaemic period proved as effective in reducing 
infarct size as pretreatment.’ Furthermore, in other 
studies administration of “anti-free radical” agents 
at the moment of reflow, after the ischaemic episode, 
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considerably reduced, the myocardial concentration 
of oxygen radicals,’ improved recovery of energy 
metabolism’‘ and of contractile function in isolated 
hearts’* and in anaesthetised dogs,’ and reduced 
infarct size in a long term canine model of coronary 
artery occlusion and reperfusion.® 

Thus although the issue is not yet settled,” there 
seems to be substantial evidence to indicate that, 
under certain circumstances, oxygen radicals can 
induce specific myocardial damage, which is separate 
from ischaemic damage, in various experimental 
models of post-ischaemic reperfusion. The studies 
that I draw attention to go some way to proving that 
scavengers of oxygen radicals given at the moment of 
reperfusion are effective in countering this specific 
myocardial damage. 


Giuseppe Ambrosio, 
Division of Cardiology, 
2nd School of Medicine, 
University of Naples, 
Via Sergio Pansini 5, 
80131 Naples, 

Italy. 
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This letter was shown to the authors, who reply as 
follows: 


Sir, 

The results of many studies confirm the occurrence 
of a reperfusion event associated with the formation 
of oxygen free radicals in animals.' There is similarly 
convincing evidence that in the animal heart this 
event is associated with myocardial injury and that 
the extent of this injury may be modified by agents 
altering free radical mechanisms.” The optimal tim- 
ing for such therapeutic intervention remains open to 
debate, but certainly some benefit may be achieved 
from treatment given after the ischaemic period. 

However, small animals may be particularly sus- 
ceptible to oxidative stress, * and therefore more 
likely to benefit from antioxidant treatment, and the 
applicability of animal studies to patients with acute 
myocardial infarction is in some doubt. 

From a practical point of view, long term pro- 
phylactic treatment for patients at risk of infarction 
with agents such as allopurinol seems unlikely to 
become widely established even if a small benefit 
were shown, and the potential beneficial effects of 
free radicals’ may be jeopardised by such treatment. 
An “anti-free radical” cocktail administered at the 
same time as a thrombolytic agent (that is after the 
ischaemic period, immediately before reperfusion) 
is the most promising starting point, and we agree 
with Ambrosio that any evidence that this may be 
beneficial in animals” is encouraging. However, this 
does not alter our conclusion that therapeutic trials 
are not justified without further elucidation of free 
radical interactions in humans (1989;61:4-8). 


CJ Burrell, 

D R Blake, 

Cardiac Department, 
The London Hospital, 
Whitechapel, 

London El IBB. 
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Notices 
British Cardiac Society 


The Annual General Meeting will take place at the 
English Riviera Centre, Torquay on 22 to 25 May 
1990. The closing date for receipt of abstracts is 19 
January 1990. 


Advances in diagnostic and therapeutic car- 
diac catheterization 


A meeting entitled Advances in Diagnostic and 
Therapeutic Cardiac Catheterization, organised by 
Dr Carl J Pepine, will take place at the Peabody 
Orlando, Orlando, Florida on 16 to 18 February 
1990. Further information from Margaret Sgro, 
Extramural Programs Department, American 
College of Cardiology, 9111 Old Georgetown Road, 
Bethesda, MD 20814, USA. 
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Improvement in postischaemic myocardial function 
and metabolism induced by administration of deferox- 
amine at the time of reflow: the role of iron in the 
pathogenesis of reperfusion imjury. Circulation 
1987;76:906-15. 


Hyperlipidemia in childhood and the develop- 
ment of atherosclerosis 


A meeting on Hyperlipidemia in Childhood and the 
Development of Atherosclerosis sponsored by The 
New York Academy of Sciences will take place at the 
Hyatt Regency, Bethesda, Maryland on 2 to 4 May 
1990. Further information from the Conference 
Department, The New York Academy of Sciences, 
2 East 63rd Street, New York, NY 10021, USA. 
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